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THE BILE FACTOR IN PANCREATITIS 

FRANK C MANN, MD 

Diwsion of Experimental Surgen and Patliolog\ 

AM) 

ALFRED S GIORDANO, MD 
Fellow m Pathologi, Mayo Foundation 

RocmsriR, MINN 

Among* the man) explanations of the cause of pancreatitis, the one 
attributing the condition to a reflux of bile into the pancreatic duct has 
seemed the most plausible to the greatest number of clinicians and 
surgeons The reason for this is probably that the process, seemingly, 
maj take place in man and that it deals with factors concerning which 
physicians are alieady acquainted We have approached the problem 
of bile as the causative factor in acute and chronic pancreatitis from two 
aspects, the anatomic and the experimental The investigation of the 
problem was suggested seteral years ago by Dr E S Judd, and during 
the last six years the condition of pancreatitis has been studied in its 
general aspects, and several lines of investigation with regard to the 
most plausible features have been followed In this article only the 
possible relation of bile to pancreatitis will be considered The results 
of other studies will be published later 

Extensive investigations have been carried out with regard to the 
cause of pancreatitis The most complete recent literary review of the 
subject was published by Sweet 1 An important percentage of such 
reviews deal with the bile factor as the cause Ample evidence 2 is at 
hand to prove that cholecystitis and chronic and acute pancreatitis 
coexist m a large percentage of cases Many statistics have been 
accumulated to show this, 3 but the cause of such coexistence is still 
unknown Two possibilities have been suggested with regard to this 
relationship and bile as the cause of pancreatitis ( 1 ) A small 
gallstone or other mechanical obstruction may block the exit of the 

1 Sweet, J E The Surgery of the Pancreas, Internat Clinics 4 293 - 357 , 
1915 

2 Mayo, W J The Surgical Treatment of Pancreatitis, Surg , Gynec & 
Obst 7 607-613, 1908 

3 Egdahl, A A Review of One Hundred and Five Reported Cases of 
Acute Pancreatitis, with Special Reference to Etiology, with Report of Two 
Cases, Bull Johns Hopkins Hosp 18 130-136, 1907 
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common bile duct so that it forms a continuous channel with the 
pancreatic duct and allows bile to infiltrate the pancreas, and (2) the 
sphincter at the duodenal end of the common bile duct may contract and 
produce the same condition 

The possibility that gallstones lodged in the ampulla of Vater could 
cause disease of the pancreas by obstruction of the mam panel eatic duct 
was suggested by Lancereaux 4 Opie 5 6 asserted that ligation of both 
pancreatic ducts will cause hemorrhagic pancreatitis, and he reported a 
case of acute hemorrhagic pancreatitis, with gallstones in the common 
bile duct near the ampulla causing obstruction , bile had not entered the 
duct of Wirsung nor was the duct dilated He collected reports of 
seven similar cases from the literature and concluded, "The lodgment 
of a stone near the orifice of the common bile duct, where it may at the 
same time compress or occlude the pancreatic duct, is not uncommonly 
the cause of pancreatic lesions and disseminated fat necrosis ” In the 
same year, he 0 reported another case of hemorrhagic pancreatitis in 
which a calculus, 3 mm in diameter, was found impacted m the apex 
of the ampulla of Vater, the diameter of which was 1 mm The duct 
of Wirsung opened 7 'mm from the apex of the ampulla so that the 
pancreatic and common bile ducts were converted into one continuous 
channel To prove his contention that bile was the cause of the acute 
pancreatitis, he injected bile into the main pancreatic duct of dogs, 
and produced acute pancreatitis in all the animals Similar experi- 
ments have been carried out by Flexner, 7 Cooke and Whipple, 8 Polya, 9 
Oser, 10 Binet and Brocq and others, 11 who produced similar conditions in 

4 Lancereaux, E Traite des maladies du foie et du pancreas, Paris, Dom, 
1899 

5 Opie, E L The Relation of Cholelithiasis to Disease of the Pancreas 
and to Fat Necrosis, Am J Med Sc 121 27-43, 1901 

6 Opie, E L The Etiology of Acute Hemorrhagic Pancreatitis, Bull Johns 
Hopkins Hosp 12 182-188, 1901 

' 7 Flexner, Simon Experimental Pancreatitis, Johns Hopkins Hosp Rep 
9 743-771, 1900, Experimental Pancreatitis, Umv Penn Med Bull 14 193, 
1901-1902, The Constituent of the Bile Causing Pancreatitis and the Effect of 
Colloids upon Its Action, J Exper Med 8 167-177, 1906 

8 Cooke, J V, and Whipple, G H Proteose Intoxications and Injury of 
Body Protein IV The Metabolism of Dogs with Sterile Abscess, Pancreatitis, 
and Pleuritis, J Exper Med 28 223-241 (Aug ) 1918 

9 Polya, E A Zur Pathogenese der acuten Pankreasblutung und Pan- 
kreasnekrose, Berl khn Wchnschr 93 1562-1565, 1906 

10 Oser, L Die Erkankungen des Pankreas, Wien Holder, 1898 

11 Binet, L, and Brocq, P Reproduction experimentale de la pancreatite 
hemorragique avec steato-necrose et du pseudokyste pancreatique par l’mjection 
de sels de calcium dans le canal de Wirsung, Compt rend Soc de biol 72 
341-342, 1920, La role du sue intestinal dans la reproduction experimentale de la 
pancreatite hemorrhagique avec steato-necrose, ibid 72 340-341, 1920, Brocq, P, 
and Morel, L Le role de la bile dans le reproduction experimentale des pan- 
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the panel eas, not onh with bile but with many other substances, such as 
gastnc and intestinal juice, hjdiochlonc acid and calcium chlorid 
Flexnet went faithei and pioved that t.iui ocholate, when injected into 
the panel eatic duct, was moie active than glycocholate, and that colloids, 
such as mucin, agai and gelatin, modified the irritative action of bile 
He suggested that when bile is impiisoned m the gallbladder as the 
result of mflammatoiy processes, the composition changes in favor of the 
mucin constituent, thus 1 educing the diflusibihty of the salts Therefore, 
theoi eticall) , at least, such bile foiced into tbe pancreatic duct would 
be less liable to pioduce acute panel eatitis Noulmann 1J realized the 
danger of the injection technic, and in experiments on dogs closed the 
ampulla of Vater by pui se-sti ing suture Jaundice without hemoi rhagic 
pancreatitis occurred, e\en though the pancreatic duct was dilated with 
bile, but when he mtioduced vnulent oigamsms into the common bile 
duct of such dogs, acute hemoi ihagic pancreatitis developed 

The possible impoitance of the sphincter at the duodenal end of the 
common bile duct, which is a definite anatomic and physiologic structure, 
m pancreatitis, was suggested by Archibald n He says that he has 
produced acute hemorrhagic pancreatitis by introducing into the gall- 
bladder of cats, bile or bile salts incubated for vanous lengths of time 
with bacteria, and by forcing this to enter the pancreatic duct by spasm 
of the sphincter, owing to sudden rise of pressure in the gallbladder 
from 200 to 700 mm of water, oi to application of hydrochlonc acid 
(5 to 15 per cent ) to the mucous membiane of the duodenum The 
animals lived from thirty minutes to several days Necropsy of those 
that lived a few hours re\ealed acute hemorrhagic pancreatitis and 
multiple focal abscesses in the liver , of the others, vanous degrees of 

creatities hemorragiques a\ec steato-necrose, ibid 71 371-372, 1919 Brocq, P 
Note sur la realisation experimentale de la pancreatite hemorragique par stase 
duodenale, Bull et mem Soc de Chir de Paris 47 7-8, 1921 Hewlett, A W 
On the Occurrence of Lipase in the Urine as a Result of Experimental Pan- 
creatic Disease, J Med Research 11 377-397, 1904 Hlava, J L’hemorrhagie, 
l’lnflammation et la gangrene du pancreas, Praze, 1898 Petersen, W , Jobling, 
J W , and Eggstem, A A Serum Changes and the Cause of Death in Experi- 
mental Pancreatitis Studies on Ferment Action XXX, J Exper Med 23 491- 
498 (April) 1916 Speese, J , Sailer, J , and Torrey, R Further Experiments 
in the Toxemia of Experimental Acute Pancreatitis, Tr Ass Am Phys 
26 446-450, 1911 

12 Nordmann, O Experimente und khmsche Betrachtungen uber die Zusam- 
menhange zwischen acuter Pankreatitis und Erkrankungen der Gallenblase, Arch 
f klin Chir 102 66-120, 1913 

13 Archibald, E , and Mullallv, E J Some Observations on the Diagnosis and 
Treatment of Subacute and Chronic Pancreatitis, Canad M A J 3 87-97, 1913, 
Archibald, E A General Consideration of Pancreatitis, Internat Clinics 2 1-20, 
1918, The Experimental Production of Pancreatitis in Animals as the Result of 
the Resistance of the Common Duct Sphincter, Surg , Gynec & Obst 28 529-545 
(June) 1919 
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In order to verify the discrepancies reported concerning the exact 
relations of the common bile duct to the duct of Wirsung, human speci- 
mens from 200 consecutive necropsies were carefully dissected At 
first the dissection was carried out in fresh preparation , but this method 
was soon discarded because of the difficulty encountered in preserving 
the delicate membranous septum which often separates the duct of 
Wirsung at the duodenal end from the common bile duct 21 The 
duodenum and pancreas were removed m toto and the duodenum was 
opened anteriorly The common bile duct was then incised at a point 
near the cystic duct and opened to the duodenal end By cutting the 
pancreas transversely, the mam pancreatic duct was exposed and care- 
fully dissected up to a point about 2 cm from the wall of the duodenum 
After the specimen had been fixed m liquor formaldehydi for twenty- 
four hours, the duct of Wirsung was again followed to the wall of the 
duodenum The opening was ascertained by carefully passing a flexible 
wire, about 2 mm in diametei, with a rounded polished end, into its 


TABLE 1 — Data on the Relation of the Duct or Wirsung to the 

Common Bile Duct 
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4 
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fibrous cord 

S 

4 






Total 

200 







lumen, and allowing it to follow the course of least resistance until it 
reached the exit Careful measurements were taken of the distance of 
the opening from the duodenal end of the common bile duct To prove 
that the wire had not deviated from the lumen of the duct, various 
procedures were used, such as injecting methylene blue into the duct and 
subsequently laying it open and examining the surrounding tissues 

The results obtained may be grouped thus (1) Both ducts empty 
into the duodenum separately, contiguous to each other, or at separate 
points (Figs 1 and 2) , (2) both ducts are contiguous and their extreme 
ends open into the ampulla from 1 to 2 nun from the apex, (3) the 
ducts empty into a common ampulla from 1 to 10 mm from the apex, 
and (4) the duct of Wirsung is reduced to a fibrous cord or absent 
It is evident that the common bile duct and the pancreatic duct could 
be converted into a continuous channel by a blockage of the exit of the 


21 Oneto, 4 \ Anatomia del duodeno 3 pancreas, Seniana med 1920, p 
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ampulla onh in (Iioup 3 (Table 1). in which the two ducts diam into 
the duodenum tlnoiigh a common opening, and even in this gioup tne 
process can onh he hi ought about in cases in which the pancreatic duct 
empties into the ampulla at a giealei distance fiom the exit than the 
diamelei of the common opening 1 he axciage diametei of the ampulla 
is fiom 2 3 to 3 s nim 1 bus a calculus must he 4 mm in diameter 
befoic it can cause obstiuction, except in laie instances A calculus, 
2 mm or less m diametei, ma\ ohstiuct hut eventually it wall foice 



Fig 1 — Entrances of the common bile duct and pancreatic duct into the 
duodenum It is impossible for the ducts to be converted into a continuous 
channel when this relationship exists 


its way through It is common experience to find gallstones larger 
than this in the duodenum It should also be noted that the dimensions 
of the ampulla and the ducts entering it are often such that a calculus 
which would become impacted would obstruct both ducts and not con- 
vert them into a continuous channel Of the 20 per cent of our 
specimens m which the two ducts entered together, m twenty-eight 
instances (14 per cent ), the opening of the duct of Wirsung was 3 
mm from the apex and in five (2 5 per cent ), 4 mm from the apex 
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In these instances leflux of bile into the panel eatic duct because of 
obsti uction would not be possible This leaves a total of 3 5 per cent 
of cases m which it would be anatomically possible for obsti uction of the 
exit of the ampulla to conveit the two ducts into a continuous channel 
and allow bile to pass into the panci eatic duct (Fig 3) 

The sphinctei at the duodenal end of the common bile duct has been 
proved anatomically and physiologically to be a definite structure Little 
is known with regard to its physiologic mechanism We have found it 
difficult to obtain definite data concerning its function and its physiologic 
importance 22 Our observations, based on the histologic examination of 
hundreds of sections obtained from fifteen species of animals 23 and a 
physiologic study 24 of ten species of animals, incline us to believe that 
clinical imagination had gieatly preceded demonstrated facts Our data 
on this subject will be presented in a futuie lepoit 



Fig 2 —Specimen illustrating the anatomic relation shown in Figure 1, which 
relationship existed in 31 per cent of the 200 specimens 

The idea that the sphincter of the common bile duct, by contracting, 
might convert it and the pancreatic duct into a continuous channel is 
novel and interesting However, in order to accomplish this, the 
sphincter would have to be located around the exit of the ampulla and 
distal to the opening of both ducts, and even then the reflux of bile into 
the pancreatic duct could occur only if both ducts opened into the 
ampulla, which m our series occurred in 20 per cent 

22 Mann, F C Unpublished data 

23 Mann, F C A Comparative Study of the Anatomy of the Sphincter at 
the Duodenal End of the Common Bile Duct with Special Reference to Species 
of Animals Without a Gallbladder, Anat Rec 18 355-360, 1920 

24 Mann, F C A Study of the Tonicity of the Sphincter at the Duo ena 
End of the Common Bile Duct, with Special Reference to Animals Without a 
Gallbladder, J Lab & Clin Med 5 107-110 (No\ ) 1919 
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While Ghsson 2 ' behe\cd that a splnnctei existed at the end of the 
common bile duct it was first descnbed by Gage, 20 who studied the 
sphincter m the cat, and found sphincters aiound the pancreatic and 
common bile ducts, and one group of muscle fibers passing around 
both ducts 

Oddi 27 made an extensn e comparatn e anatomic and physiologic 
study of the sphinctet, employing mam species of animals, but aside 



Fig 3 — Entrance of the common bile duct and pancreatic duct into the 
duodenum through a common opening , which arrangement occurred in 20 
per cent of the specimens 


from assigning a special sphincter to the duct of Wirsung, he did not 
study especially the relation of the sphincter of the common bile duct 

25 Glisson, quoted by Oddi Arch ital de biol 8 317-322, 1887 

26 Gage, S H The Ampulla of Vater and the Pancreatic Ducts m the 
Domestic Cat (Felis domestica), Am Quart Micr J 1 128, 169, 1879 

27 Oddi, R D’une disposition a sphincter speciale de 1’ouverture de canal 
choledoque, Arch ital de biol 8 317-322, 1887, Sulla tomcita dello sfintere del 
coledoco, Arch per le sc med 12 333-339, 1888 
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to the pancreatic duct Hendrickson - s studied the sphincter in man, 
in the dog, and in the labbit His specimens show muscle fibers sur- 
1 ounding both the common bile duct and the duct of Wirsung All 
observers note a maiked individual vanation of the disposition of the 
muscle fibeis constituting the sphincter Oui data verify the obser- 
vations of vai lability 

The observations we have made on the histology of the sphincter 
of the common bile duct, which aie particulaily applicable to dll': 
subject, ha\e to do with the disposition of the muscle fibers of the 



Fig 4 — Photomicrograph of the common bile duct (a) and pancreatic duct 
(b) just distal to the point at which they have pierced the muscularis of the 
duodenum The bundles of smooth muscle fibers pass around each duct sepa- 
rately, some of them pass around both ducts These muscle fibers interlace 
intimately and if they should contract as a whole, both ducts would be closed , 

X 20 

sphincter m man with regard to the duct of Wirsung As we have 
indicated, if Archibald’s theory is correct, the sphincter must be 
placed distal to the entrance of both ducts m the ampulla A careful 

28 Hendrickson, W F A Study of the Musculature of the Entire Extra- 
hepatic Biliary Sj'stem, Including that of the Duodenal Portion of the Common 
Bile Duct and of the Sphincter, Bull Johns Hopkins Hosp 9 221-232, 1898 
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examination of seiial piepaiations of the sphincter m man demon- 
stiates that in most instances this is not the case The usual position 
of the muscle fibeis constituting the sphmctei is pioximal to the ter- 
mination of the common bile duct Fuithermore, the muscle fibers 
not only sutiound the common bile duct, but some of them pass around 
the panel eatic duct (Figs 4, 5, 6, 7 and 8) 21 Because of this arrange- 
ment, it would seem that conti action of the sphincter would close not 
onl) the common bile duct but also the pancreatic duct There is, 
houevei, gieat vanation in the disposition of these muscle fibers In 
one instance in man, consideiable muscle tissue was found distal to 
the entrance of the two ducts (Fig 8) If these muscle fibers could 



Fig - 5 — Higher magnification of one area of specimen shown in Figure 4, 
where the two ducts are contiguous, showing the detail of the course of these 
muscle fibers , X 50 

contract separately, the two ducts would be converted into a continuous 
channel In another instance the two ducts joined definitely on the 
gland side of the sphincter These observations show that the usual 
position and arrangement of the sphincter is such that it is not possible 
for it to convert the ducts into a continuous channel However, since 
there is so much variation in the relation of the different structures 
in connection with this area, there is always the possibility that in a few 
instances the sphincter might close the exit of the ampulla 

It has been clearly demonstrated that the injection of bile into the 
pancreatic duct with a syringe will cause acute pancreatitis and death m 
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a large percentage of cases However, the injection of an irritating 
fluid like bile, with a syringe, where a high pressure is developed, 
produces definite trauma to the gland It seems to us that before 
drawing the inference that the condition of the pancreas following 
intraductal injection of bile under high pressure is identical to the 
spontaneous cases of pancreatitis observed in man, it would be necessary 
to determine ( 1 ) the maximal pressure at which the existing physio- 
logic mechanism could inject the bile into the pancreas, and (2) whether 



Fig 6 — Photomicrograph of the common bile duct and pancreatic duct from 
the series shown in Figure 4, just before the exit of both ducts through a 
common opening into the duodenum The ducts are still separated and sur- 
rounded by the three groups of muscle fibers, X 20 

pancreatitis could be produced by the injection of sterile bile under this 
pressure 

The pressure in the common bile duct is due to three factors 
(1) the secretory pressure of the liver, (2) the contractile pressure of 
the gallbladder, and (3) the mechanical pressure exerted by the abdom- 
inal muscles and diaphragm on the liver and biliary ducts We have 
studied the maximal pressure that is produced m the common bi e 
duct by a combination of all these factors and have made an attempt 
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to analyze and evaluate the component part of each factor The experi- 
ments weie peifoimed on dogs with peimanent biliary fistulas All 
opeiations weie peifoimed undei ethei anesthesia and with sterile 
technic 

The technic foi making the fistula has been described 29 Briefly, 
it consists of two stages ti ansplanting the duodenum under the skm 
so that the point of enhance of the duct at the duodenum is very 
superficial, and second, opening the common bile duct on the surface 



Fig 7 — Photomicrograph showing the detail of the course of the three 
groups of muscle fibers making up the group of fibers termed the sphincter 
This is taken at a point where the bundles of muscle fibers are the largest 
None of the fibers shown belong to the muscularis of the duodenum , X 50 

of the skm After the wound was healed the following observations 
were made 

After the preliminary procedure of feeding different kinds of foods, 
or of fasting, the animal was made comfortable on a table, with the 
employment of as little restraint as possible A rubber catheter of 

29 Mann, F C A Technic for Making a Biliary Fistula, J Lab & Clin 
Med 7 84-86 (Nov ) 1921 
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such a size that it fitted the duct tightly and prevented leakage was 
inserted into the common bile duct A glass T-tube was attached to 
the catheter To one arm of the T, a rubber tube with a screw clamp 
was attached, and to the other arm, a straight glass tube The glass tube 
was slightly more than 100 cm m length, had an external bore of 
approximately 2 5 mm , and was graduated in millimeters (Fig 9, a 
and b ) The zero of the scale was at a level corresponding to a 
plane passed approximately longitudinally through the center of the 
liver The pressure was always recorded m millimeters of bile An 
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Fig 8 — Photomicrograph through the ampulla, showing the heavy band of 
muscle fibers surrounding the channel common to the two ducts If these 
particular muscle fibers could contract separately, the two ducts would be con- 
verted into a continuous channel However, these muscle fibers seem to be 
but a continuation of those that pass around both ducts , X 8 

objection to this method of estimation is that the specific gravity of 
bile varies However, other methods that we tried had a greater possi- 
bility for error and were not so simple The animals were always 
made comfortable and seemed actually to enjoy the periods of obser- 
vation Observations were made on some of the animals from three 
to four times a week, extending over a period of many months 

Secretory pressure of the liver varies m the different species of 
animals, in various individuals, and under various conditions, such as 
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food ingestion We shall leport in anothei study a large number of 
observations dealing with the effect of various food substances on the 
secretory pressure of the liver, in this study, only the maximal pressure 
attainable is of importance 

Oui records on the maximal pressure produced m the common 
bile duct of the dog, due to the secietoiy activity of the liver, contain 
several hundred observations extending over many months They show 
that a pressure of 350 mm of bile rarely occurs, and at no time has 
pressuie greater than 375 mm of bile due to the secretory activity 
of the h\er alone been observed The average pressure obtained is 



a 


F'S' 9 — Bile manometer (a) the manometer as a whole, ( b ) the detail of 
the manometer as it was used in estimating the pressure in the common bile duct, 
and (c) the manner m which it was used to inject bile under constant and 
measured pressure into the pancreatic duct 

less than 350 mm This coincides with our published data and the 
findings of other observers 30 

It is difficult to estimate the part the gallbladder plays m producing 
pressure in the common bile duct We attempted to estimate the 

30 Herring, P T , and Simpson, S The Pressure of Bile Secretion and the 
Mechanism of Bile Absorption in Obstruction of the Bile Duct, Proc Roy Soc , 
London 79 517-532, 1907 Mann, F C, and Foster, J P The Secretory Pres- 
sure of the Liver, with Special Reference to the Presence or Absence of a Gall- 
bladder, Am J Physiol 47 278-288 (Nov) 1918 Mitchell, W T, Jr, and 
Sti f el, R E The Pressure of Bile Secretion During Chronic Obstruction of 
the Common Bile-Duct, Bull Johns Hopkins Hosp 27 78-79 (March) 1916 
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pressuie pioduced by the conti action of the gallbladder, hut this was 
difficult under conditions appi oximating the noimal The most satis- 
factoiy method, so far as maintaining the physiologic integrity of the 
mechanism is concerned, consisted in observing the fluctuations in 
pressure in the tube connected to the common bile duct while we were 
studying the secietoiy piessuie of the lner If this pressure is 
observed caiefully as it mci eases, ceitain rhythmic variations are noted 



Fig 11 — Photomicrograph of a section of pancreas illustrated m Figure 10 
The specimen was fixed in liquor formaldehydi fifteen minutes after injection 
Marked destruction of the pancreatic tissue has occurred , X 50 

which are not dependent on respiration or other body movements 
The rhythmic variations m pressure are not great and the movements 
are only approximately constant They were noted m only a relatively 
small percentage of observations They seemed to be caused by the 
contraction of the gallbladder , they were not noted m animals in 
which this viscus had been removed These rhythmic variations m 
pressure were never noted when the pressure had increased in the tube 
beyond 340 mm of bile 

It is not possible to draw definite conclusions from these obser- 
vations , but when they are considered in connection with othei 




1 ij 10 — Pmiiicas showing the effect of the injection of 10 cc of bile into 
1 k tor pancicntic duct, with a syringe The time of injection was less than 
' in utes The center of the lobules are discolored, owing to the rupture 
• c small pancreatic ducts and infiltration of bile into the center of the 
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pressure produced by the contraction of the gallbladder, but this was 
difficult under conditions approximating the normal The most satis- 
factoiy method, so far as maintaining the physiologic integrity of the 
mechanism is concerned, consisted m observing the fluctuations in 
pressure m the tube connected to the common bile duct while we were 
studying the secretory piessure of the liver If this piessure is 
observed carefully as it increases, certain ihythnnc variations are noted 



Fig 11 — Photomicrograph of a section of pancreas illustrated in Figure 10 
The specimen was fixed in liquor formaldehydi fifteen minutes after injection 
Marked destruction of the pancreatic tissue has occurred , X 50 

which are not dependent on respiration or other body movements 
The rhythmic variations m pressure are not great and the movements 
are only approximately constant They were noted m only a relatively 
small percentage of observations They seemed to be caused by the 
contraction of the gallbladder, they were not noted m animals m 
which this viscus had been removed These rhythmic variations m 
pressure were never noted when the pressure had increased m the tube 
beyond 340 mm of bile 

It is not possible to draw definite conclusions from these obser- 
vations , but when they are considered m connection with othei 



Fig 10 — Pancreas showing the effect of the injection of 10 cc of bile into 
the major pancreatic duct, with a syringe The time of injection was less than 
five minutes The center of the lobules are discolored, owing to the rupture 
of the small pancreatic ducts and infiltration of bile into the center of the 
lobules 
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observations we have made and with published data , 31 the following 
statements seem pertinent 

There seems to be no doubt that the gallbladder has a contractile 
mechanism, exerting pressure on the contents of the biliary tract , but 
the contractile power of its own mtnnsic muscles does not seem to be 
greater than the pressure that may be produced by the secretory activity 
of the liver It is questionable whether the gallbladder empties itself 



Fig 12 — A higher magnification of the same section as shown in Figure 11 
None of the pancreatic cells or the large coalesced masses of nuclear material 
appear normal , X 100 

completely by contraction So far as the maximal pressure produced 
in the common bile duct is concerned, the gallbladder seems of little 
consequence 

31 Bainbridgc, F \ , and Dale, H H The Contractile Mechanism of the 
Gallbladder and Its Extrinsic Nervous Control J PInsiol 33 138-155 1905- 
1906 Trcese, J A The Torce of Contraction of the Gallbladder and the 
Course of Its Motor and Inhibitor} Xer\e Tibers Bull Tohnc Hopkins Ho'P 1C 
235-237 1905 Lieb, C C , and McWhorter, J E *\ction of Drugs on the 
Isolated Gallbladder, J Pharmacol & Exper Therap 7 S3-9S 1915-1M6 Okada, 
S On the Contractile Movement of the Gallbladder J Pln'iol 1 42-46 1915 
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Under the conditions of oui studies, the mechanical efi ect of the 
abdominal muscles and of the diaphtagm on the h\er and biliary tract 
pioduced the most maiked changes in the intraductal pressme Quiet 
respirator) mocements produced a fluctuation of picssurc of 1 or 2 cm 
of bile Deep lespiratoiy movements and struggling pioduced a fluctua- 
tion in pressure in the common bile duct gi eater than that possible b) 
the secietory piessuie of the lner or by contraction of the gallbladder 
If an animal is made to retch, the intraductal pressure increases enor- 
mously, reaching as high as 1,000 mm of bile No othei conditions 
produced a piessure as high as that which occiu red during counting 



Fig 14 — Photomicrograph of a section of the pancreas shown in Figure 13 
The specimen of pancreas was fi\ed in liquor formaldehydi immediately after- 
ward The normal contour of the gland substance and the marked edema of 
the interlobular tissue may be noted , X SO 

Whether the pressure changes in the common bile duct due to the 
mechanical effect of the abdominal muscles and the diaphiagm have 
any bearing on the problem at hand is not definitely proved If eve 
assume as correct the usual conception that the abdominal pressure 
is the same throughout the peritoneal cavity and is exerted equally 
on all contained viscera, eve may ignore the mechanically produced 
chano-es If, however, we grant the possibility of the changes of 
pressure in the abdomen as affecting various organs differently, because 
of position, density, and other factors, the act of vomiting is of consid- 
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ci able MKmlit.iiKC m legatd to the injection of bile into the panel eatic 
duel ^iikc oui piotnl data do not clearly indicate the "value to be 
attached to the mcthanicalh pioductd changes of ])iessuie in the 
common bile duct we have studied the eft eel of injecting the pancreas 
at a picssuie equal to t lie maximum obtained, exclusive of the mechanical 
agencies and .it a piessuie equal to the maximum ever obtained 

We h a\c injected sicnle bile into the pancreatic duct at various 
piessuics and studied the immediate and remote eft ects Only the 



Tig 15 — A higher magnification of the section shown in Figure 14 The 
normal appearance of the pancreatic tissue and the edema of the interlobular 
tissue arc illustrated in detail , X 100 

experiments in which bile was injected with a syringe and at a pressure 
slightly greatei than that found m the common bile duct will be discussed 
here The experiments were performed on dogs and cats, under ether 
anesthesia, and with stenle surgical technic in all expeiiments in which 
the animal was not etherized at the end of the experiment The routine 
procedure was as follows 

The duodenum was exposed and the pancreatic ducts located In 
some experiments the minor pancreatic duct was ligated while in others 
it was left intact A cannula was placed in the major pancreatic duct 
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and filled with bile If the bile was injected with a syunge, this was 
attached directly to the cannula and the duration of the injection was 
measured If the bile was injected at a constant piessure, a bile 
manometer was used to deteiminc the pressure in the common bile 
duct The syunge was attached to the other aim of the T-tube, and 
the level of bile in the sti night tube was kept constant (Fig 9c) Care 
was taken to a\oid the entrance of an into the duct Usually 10 cc 
of bile was injected 



Fig 16 — Photomicrograph of a section of the pancreas after the two and 
one-half hour injection of 10 cc of bile into the major pancreatic duct at a 
pressure of 1,200 mm The specimen of pancreas was fixed in liquor formaldehydi 
immediately afterward The marked edema in the tissue between the lobules and 
the leukocytic infiltration of this edematous tissue may be noted , X 5 0 

If from 5 to 10 c c of bile is forced with a syringe into the 
pancreatic duct of a dog, the gland assumes a characteristic mottled 
brown appearance (Fig 10) The discoloration is most marked at 
the center of the lobules , little or no edema of the gland and no change 
m the relation of the lobules to one another result When the gland 
removed within fifteen minutes after injection, fixed, and studied 
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luslologicalh . marked and ch.uuUei istic changes are noted The force 
of the injection produces a ruptuie of the smallei ducts, and bile 
mfiHiatcs the lobules, hunoirhage fiom injured blood vessels occurs 
1 he gland cells aic swollen, many of the nuclei have disappeared or 
coalesced to foun a huge globule of nuclear maleiial In many aieas 
ncciosis oecuis (Figs 11 and 12) If the pioccdure of injecting the 
duct has been cari icd out with stci lie technic and the animal has been 
allowed to ieco\ci from the immediate eftccts of the operation, typical 
hemorrhagic pancreatitis and death follow' in mail} instances 



Fig 17 — Higher magnification of one area showing the rupture of a small 
bite duct and the infiltration of the surrounding acinar tissue with bile followed 
by a degeneration of this tissue This is the lowest pressure with which a 
rupture of the biliary ducts was produced, X 100 


In expei iments in which the bile was injected at pressures approxi- 
mating those which could possibly occur m the common bile duct, 
several important observations were made We were not able to inject 
bile into the pancreatic duct of a normal dog with a pressure less than 
350 mm , in most experiments bile did not pass into the pancreatic 
duct at any pressure less than 500 mm In all experiments bile passed 
into the panel eatic duct at a pressure less than 800 mm 

The pancreas is injected by means of a syringe m a minute or tivo 
With low pressures the injection takes much longer Injection of 
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10 cc of bile into the panel eatic duct at 1,000 mm usually takes from 
two and one-half to tluee hoius When lower piessuics are used 
mote tune is ncccssaiy 

The appeaiante of the pancieas after injection at a pressure of 
fiom 800 to 1,000 mm is quite different ftom that following injection 
until a sj tinge Grossly, the pancieas is maikedi} edematous The 
fluid seems to pass out of the ducts into the perilobular tissue so that 
the lobules aie spiead wudely apait The fluid m the interlobular spaces 
is amber coloied (big 13) '1 he tissues adjacent to the organ also 

become edematous Miei oseopically. the gland tissue appears normal, 
hut edema is observed m the inleilohul.tr tissue (Figs 14 and 15) 

In animals m which bile was injected into the pancreatic duct under 
sterile technic at a piessurc of 1,000 mm oi less, acute pancreatitis 
did not occur except in one instance in which thcie was fat necrosis 
of the gland In other words we never luxe ptoduccd acute pancreatitis 
by the injection of bile at anj pressuie less than S00 mm Either 
these low piessuics did not foice bile into the panel eatic duct or if 
bile did pass into the duct it did not produce apparent damage and 
certainl) not acute pancreatitis 

The difleience in the results of injection of bile with a sjrmgc and 
at the loxver pressures seems to be due to uipture of the small pancreatic 
ducts and infiltration of the gland substance by bile, xvhen the syringe is 
used Mechanically this causes great damage to the gland cells and the 
small blood vessels, fiees the pancreatic enzymes, and allows hemorrhage 
to occur in the gland substance The bile itself produces changes in 
the gland cells Ihe entire process soon appears to be identical xvith 
that occurring in spontaneous acute pancreatitis If the bile passes 
into the pancreas under lower pressure, less than 1,200 mm (Figs 16 
and 17), the duct system lemains intact, the bile seems to pass through 
the duct walls and to the interlobulai spaces without senously damaging 
the gland tissue (Figs 16 and 17) 

In one series of experiments, cannulas were placed m the common 
bile duct and in the major pancreatic duct pointing toward the respectrve 
glands The minor pancreatic duct xvas ligated, and the bile manometer 
was interposed between the txvo cannulas so that the secretion fiom one 
gland could pass into the duct of the other gland and the common 
pressure m the two ducts could be measured We were nevei able to 
produce sufficient pressure of bile to force it into the pancreatic duct 
The intravenous injection of sodium salicylate caused the greatest 
pressure (300 nun of bile), owing to the secretory activity of the liver , 
but this did not cause bile to pass into the pancreatic duct On the 
other hand, after pancreatic secretion had been injected intravenously, 
pancreatic juice exceeded the flow of bile and floxved readily into the 
common bile duct at a pressure of less than 100 mm 
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In a few expeimients \\c estimated the secretoiy piessure of the 
panel eas in an anesthetized dog A cannula in the majoi pancreatic 
duct was connected to the manomctei pieviously descnbed The minor 
pallet catic duct was ligated In oidei to pioduce the maximal pressure, 
the panel cas was stimulated hv the injection of secietm The piessures 
in these expciimcnts \aned fiom 260 to 330 mm, and w'ere similar 
to those oht, uned hv otlici in\ cstigatoi s ^ It is thus seen that the 



Fig 18 — Biliary duct of a goat, showing the relation of the common bile 
duct to the pancreatic duct and duodenum In our experiments on the goat, the 
common bile duct was doubly ligated and sectioned as close as possible to its 
entrance into the duodenal wall 

maximal secretory pressures of the liver and pancreas are about equal 
Our results show that the gallbladder does not increase the pressure 
in the biliary tract more than that due to the secretory activity of the 

32 Herring, P T , and Simpson, S The Pressure of Pancreatic Secretion, 
and the Mode of Absorption of Pancreatic Juice After Obstruction of the Mam 
Ducts of the Pancreas, Quart J Evper Physiol 2 99-108, 1909 
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liver If the mechanical changes in intra-abdominal piessure act the 
same on both glands, the secietoiy piessuies of the two glands are 
the only factors necessary to considei 

From our expenments the conclusion that hepatitis or cirrhosis 
of the liver is due to a passage of panel eatic juice into the bile duct 
would seem almost as justifiable as that pancreatitis is due to a reflux 
of bile ' 53 However, there are authentic cases on record, and we have 
obseived one, in which bile was actually in the pancreatic duct In 
consideration of our data this is difficult to explain, but probably it 
occurs by the conversion of the two ducts into one channel, owing to 



Fig 19 — Photomicrograph of a section of the pancreas of a goat, taken 
twenty-four days after ligation of the common bile duct Grossly the pancreas 
was bile-stained throughout and green colored fluid escaped from the organ 
on the slightest abrasion of its surface On the whole the gland tissue appears 
normal, with no changes other than those due to obstruction of secretion 

a properly situated mechanical obstruction, 01 , possibly, to the action 
of the sphincter Bile may pass slowly into the pancreatic duct for 
one, or all, of the following reasons The secretion of bile is continuous 
with changes m rate, while the secretion of the pancreatic juice is 
intermittent There are times when the pressure m the pancreatic duct 

33 Nothnagel Encyclopedia of Practical Medictne Diseases of the Liver, 
Pancreas, and Suprarenal Glands, Philadelphia, W B Saunders Company, 

1903, P 642 
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might be considerably less than m the bile duct The h\ei has firmer 
tissue and a stronger capsule than the panel eas W ltb regard to the 
volume of thud scctetcd. the diamagc of the intraductal fluid to the 
outside of the gland is ficcr m the pancreas than m the Iner While 
all of these factors would assist in allowing bile to pass into the pancreas, 
it should be noted that such a mechanism could not possibly rupture 
the panel eatic duct ot inflitiatc the gland tissue with bile outside the 
noimal channels If such a condition brings about pancieatitis by the 
injection of sterile bile, it must do so by (1) actuation of the proteolytic 
cn7\ me, (2) bile acting dnccth on the panci eatic cells, and (3) the 



Fig 20 — A higher magnification of the section shown m Figure 19 Except 
for the atrophy, the pancreatic tissue appears normal , X 500 

washing of pancreatic enzymes out of their normal channels It should 
be emphasized that we have not considered infection in this ai tide 
In an investigation of the relationship of the panci eatic duct to the 
common bile duct, it was noted that each species studied could be 
included m one of three groups 15 In one group the panci eatic duct 
emptied directly into the common bile duct The anatomic ari angement 
of the ducts m this group seemed to offer an ideal condition for deter- 
mining the existence of a physiologic mechanism which could infiltrate 
the pancreas with sufficient bile to produce acute pancreatitis The 
goat, a readily obtainable animal with a well-developed gallbladder, and 
one that withstands operation well, was se’ected from the species that 
have this relationship of the ducts (Fig 18) 





26 


ARCI1 IV LS OF SURGERY 


The opeiative procedures weie simple Under cthei anesthesia and 
with stei lie technic, tlie bile duct was exposed, doubly ligated and 
sectioned at its point of entrance into the duodenum Care was taken 
not to mjuie the pancieas, but as the duct passes thiough the edge of 
the gland, tiauma to the oigan could not be wholly avoided The 
opeiative wound was rcpaned and the animal kept undei observation 
The pi ocedure was earned out in five goats The length of life after 
operation vuned fiom one to thiity days Ihicc of the animals died 
dnectly 01 mdnectly fiom the lcsults of the operation, one choked 
to death, one died fiom intestinal obstiuction following ulceration and 
pei foiation of the gallbladdei with adhesions to a loop of small 
intestine, and one died fiom a uiptuie of a small panel eatic duct, which 



Fig 21 — Photomicrograph of a section of a goat s pancreas, twenty-four 
houis after the injection of goat bile into the pancreatic duct with a sjringe 
The organ presented the characteristic appearance of acute pancreatitis that 
follows the injection of bile with a syringe 

permitted bile and panel eatic juice to flow into the lesser peritoneal 
cavity Two lived until the effect of the occlusion of the ducts to the 
two glands produced such marked symptoms that they were etherized 
In the animal which died twenty-four houis after operation, the 
pancieas appeared normal In one animal which died a few days 
after operation, no bile was noted in the pancreatic duct, while m 
three animals, including the two that lived the longest, the pan- 
creatic ducts weie dilated and filled with bile-stained fluid In the 
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fom animals that lncd longci th.in twcnly-foui hours, well-marked 
changes, consisting of atiophy of the gland, beginning pi ohferation 
of connectnc tissue and, in one instance, definite mliaductal infection, 
wcie noted m the pancicas ]n none, however, was theie, eithei grossly 
or nnci oscopicallv, an aica with the appeal ance of acute hcmoirhagic 
panel eatitis (Figs 19 and 20) In foui of the animals, small areas 
of fat neciosis veic found, in one undoubtedly associated with the 
tiauma of opeiation In the three othcis, the fat necrosis occurred 
at a point wlieie the pancicas and the aflecled fatty aieas touched, and 
was probabh associated with the obstiuction of the panel eatic duct and 
subsequent leakage of panel catic juice because the pancreas is quite 
fnable in the goat 



Fig 22 — A higher magnification of the section shown m Figure 21 The 
normal arrangement of the pancreatic tissue has been destroyed Few of the 
pancreatic cells remain and there is marked infiltration with leukocytes , X 500 

The results of these experiments emphasize that (1) even with 
the pancreatic duct opening directly into the common bile duct and the 
latter completely obstructed, bile was not forced into the pancreas 
except after a considerable length of time, and (2) when bile did pass 
into the pancreatic duct and infiltrate the pancreas completely under 
the maximal piessure which the physiologic mechanism of the animal 
could produce, acute hemorrhagic pancreatitis did not follow 

It seemed essential to investigate two other points whether acute 
pancreatitis would take place in goats on injection of bile into the 
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panel eatic duct, and whethei goal bile would produce panel catitis in 
other species of animals, the dog and cat Goat bile was injected into 
the pancreatic duct of tluee goats Jt was lather difficult to infiltrate the 
pancreas The technic consisted of ligating the common bile duct 
on the gland side of the entiance of the pancreatic duct and placing a 
cannula in the common bile duct below the entrance of the pancreatic 
duct The animal’s own bile was withdiawn from the millbladdei and 

o 

injected with a synnge into the pancreatic duct In the three cases 
in which this was done, acute hemoirhagic pancreatitis and death 
occuired (Figs 21 and 22) Bile icmovcd from the gallbladdei of 
a goat and injected into the panci eatic duct of two dogs and one cat, 
5 c c into the cat and one dog, and 10 c c into the other dog, caused 
the usual typical pictuie of hemoiihagic pancreatitis and death 

When the common bile duct is obstructed below the entiance of the 
panci eatic duct, it takes a long time befoie bile can be forced into 
the pancreatic duct Eventually, however, the most minute branches 
of the duct are filled, but all the changes noted in the panci eas may be 
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referable to obstruction of the duct and not necessarily to the presence 
of bile While the panci eas showed marked changes in each instance 
in which the duct had been ligated longer than twenty-four hours, none 
other than a few small areas of fat necrosis, was in any way similar 
to those in acute pancreatitis In comparing the pancreas of the goats 
m which bile was infiltrated into the duct by the normal physiologic 
mechanism with those in which it was injected with a syringe, an 
extraordinary difference is noted In the latter the entire abdomen 
was studded with fat necrosis , the panci eas had either almost entirely 
disappeared or showed well marked areas characteristic of hemorrhagic 
pancreatitis 

During our study eleven cases of acute pancreatitis have come under 
our observation We made a careful examination of the relationship 
of the common bile duct and the pancreatic duct and their exit into 
the duodenum In none of these cases was it anatomically possible 
for bile to be injected into the pancreatic duct In each instance 
the ducts entered the duodenum separately or the ampulla was so short 
that an obstruction could not have converted the two ducts into a con- 
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tinuous channel Fuithermoie, oui examination proved that m none 
of these cases could the sphincter have been a factor However, we 
have studied one case of clnonic panci eatitis in which bile was observed 
maci oscopically thioughout the duct system of the pancreas and which 
could hate been pioduced as the result of sphinctenc action 

SUMMARY 

We hate investigated the bile factor in panci eatitis from two chief 
aspects the anatomic and the evpenmental 

Anatomically, two mechanisms hat e been suggested whereby bile can 
be passed into the panci eatic duct One is based on the possibility 
that an obstruction could occur at the exit of the common bile duct in 
such a manner as to convei t the two ducts into a continuous channel 
We studied the relationship of the common bile duct to the pancreatic 
duct and their mode of entrance into the duodenum in man in order 
to determine the percentage of instances in which there would be an 
anatomic basis for the foregoing hypothesis Our data conclusively 
prove that the number of instances m which the anatomic arrangement 
in the lelationship of the two ducts would peimit bile to pass into the 
pancreatic duct is very small The other possibility that the sphincter 
at the duodenal end of the common bile duct could contract and convert 
the two ducts into a continuous channel has beeen investigated Our 
data show that in most instances in man the sphincter is located at a 
point where contraction will close both ducts and will not convert them 
into a continuous channel In a very small percentage of instances a 
small bundle of muscle fibers is found in a position where possibly it 
could convert the two ducts into a continuous channel While there 
is an anatomic basis for the possibility of converting the two ducts 
into a continuous channel, either by mechanical obstruction or possibly 
by the action of a sphincter muscle, the percentage of instances in 
which this could occur is very small 

Experimentally, we followed three lines of investigation (1) We 
estimated the possible pressure that the existing physiologic mechanism 
could exert in order to inject bile into the pancreatic duct, which 
pressure we have found to be relatively low (2) We injected sterile bile 
into the pancreatic duct at the maximal pressure that could occur in 
the common bile duct This did not produce typical hemorrhagic pan- 
creatitis, although definite damage of the pancreas sometimes occurred 
(3) We ligated the common bile duct in goats (a species in which the 
mam pancreatic duct opens into the common bile duct) This did not 
produce acute pancreatitis 

Our investigation has proved that an anatomic and physiologic basis 
for the theory that reflux of bile may occur in the pancreatic duct 
does exist The evidence indicates that such a reflux of bile may rarely 
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be the cause of chronic pancreatitis The number of instances in 
which the necessaiy anatomic conditions are piesent for such an 
occurrence is veiy small The possibility of bringing into play a 
physiologic mechanism which can infiltrate the pancreas with sterile 
bile to an extent actually to pioduce acute pancreatitis is questionable 
Granted that the necessary anatomic, ph) siologic, and pathologic factors 
are present and that the leflux of sterile bile under such conditions 
does produce pancreatitis, such cause for the condition must be very 
rare , few cases are on iccord A reflux of bile could not have been the 
cause in any of our cases of acute pancreatitis It should be noted that 
any mechanism which will affoid the possibility of bile’s passing into 
the panel eatic duct will also obstruct the flow of pancreatic juice 
Furthermore, bile bus been found in the pancreatic duct without acute 
pancreatitis Pathologists should, in all cases of pancreatitis, examine 
the relationship of the two ducts to the duodenum and to each other 
m order to deteinnne whether it is anatomicalh possible foi bile to 
pass into the pancreatic duct Our data conclusivel} prove that we 
must look elsewhere for the explanation of the cause of most cases of 
pancreatitis 



END-RESULTS OF FIVE HUNDRED CASES OF 
CHRONIC APPENDICITIS 

A STATISTICAL STUDY 

JOHN B DENVER, MD, ami I S RAVDIN, MD 

rim adli phia 

The niatenal piesented m this papei is derived fiom a statistical 
and follow-up study of 500 cases of chionic appendicitis in which 
opeiation was perfoimed b) the suigical stall of the Unneisity Plospital 
The cases presented are those of patients operated on during the 
jears from 1913 to 1920 Onh data which we felt were wholly reliable 
and complete were used, but theie was no selection of cases In order 
to see whethei w r e could find any lelationship between chronic appendi- 
citis and uppet abdominal disease, we have also presented some statistics 
from seventy-six cases of gallbladder disease and eighteen cases of 
gastric and duodenal ulcer We have endeavored to approach the data 
with minds unprejudiced by any previous opinions 

SEX AND AGE INCIDENCE 

The series includes 260 males and 240 females The difference between 
the number of males and females can be accounted for by the fact that 
there are nearly twice as many beds available for males as females in 
the surgical w r ards of this hospital It would, therefore, seem that 
though the number is higher in the male, the actual percentage may be 
higher in the female La Roque in 400 cases found a predominance 
of females Maylord, in a large series of all types of appendicitis, 
found little difference in the sex incidence 

Table 1 shows the sex and age incidence of chronic appendicitis, 
and Chart I graphically represents this 

In both males and females, there is a very small number of cases 
in the first decade, there being but two among males and two among 
females This agrees with the findings of other investigators, m that 
the majority of cases m the first decade are of the acute type The 
rarity of the diagnosis in the first ten years of life may be due to the 
fact that digestive disturbances in children are so frequent and so often 
caused by indiscretions in diet that unless there are acute symptoms 
our attention is rarely directed to the appendix It has been suggested 
that some of the cases of persistent vomiting may be due to a reflex 
from a chronically diseased appendix 

After the first decade, we find a dissimilarity m the age and sex 
incidence, for in the years from 10 to 20 there are forty-one males 
(15 7 per cent ) and eighty-nine females (37 08 per cent ) in our series 
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This is not in accord with Maylord’s senes, which shows a greater 
number of males than females m the second decade and the reverse in 
the thud decade It should be icmembcred that Maylord included all 
types of appendicitis The fact that the highest point in the female 
curve is reached during that period at which menstrual function is 
established may be significant Several factors may play a part in this 
Clinically, it is recognized that the menstrual hyperemia aggravates the 
condition of chronic appendicitis, for the pain often is felt more at 
this time or only at this time Formerl}, it was thought that women, 
because of the periodic pelvic hjperemia, were relatively immune to 
appendicitis, but the exacerbations of chiomc appendicitis and the fre- 
quent onset of attacks of acute appendicitis at the lime of menstruation 
lead one to believe that this very hyperemia may aggravate the condi- 
tion in an a Ireach diseased organ 


TABLE 1- 

-Six AM) Agi 

Incidinct or Chronic 

Appendicitis 

Years 


Male 

Female 

5 


0 

0 

5-10 


2 

2 

10-15 


32 

19 

15-20 


29 

70 

20-25 


86 

65 

25-30 


47 

31 

30-35 


33 

26 

35-40 


21 

9 

40-45 


14 

4 

45-50 


5 

3 

50-55 


5 

1 

55-60 


1 


60-65 




65-70 



2 

70-75 


1 


Not given 


6 

8 


lotal 

260 

240 


The greatest numbei of cases m the male in our senes occurs during 
the first half of the third decade, when the number in the female is 
decreasing There were eighty-six males (33 08 per cent ) and sixty- 
five females (22 9 per cent ) during this period From the fortieth 
year, we find a steady decline in the number of cases in both sexes, 
that of the female being more abrupt than that of the male 

Statistics concerning the symptomatology of chronic appendicitis 
present many difficulties This is readily appreciated when one con- 
siders the difficulties encounteied in the diagnosis because of the vari- 
ability of the manifestations and the many conditions which may 
simulate it 

The outstanding and almost constant symptom mentioned by tn 
patients was pam In the majority, the pam was m the right ihac fossa 
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and was pei iodic Otheis dcscnbed the pain m a variety of terms which 
are enumerated m 'fable 2 In the sixty-fne patients complaining of 
upper abdominal pain, with or without pain in the right iliac fossa, an 
exploiatoi) incision ic\ealed no uppet abdominal lesion The next most 
fiequent symptom was tenderness in the right iliac fossa, which was 
present in 367 cases While tenderness was not a symptom in every 
case, abdominal pain of one soil oi another was present In a condi- 
tion in which the di^ignosis is frequently difficult, the symptom of pain 
in the right iliac fossa is extiemely suggeslne of a diseased appendix 

TABLE 2 — FatQULNct oi Simpioms 


Cases 


Pain 

Periodic in right iliac fossa 400 

Constant in right iliac fossa 81 

Dull in right iliac fossa 47 

Cramplikc in right iliac fossa 42 

Burning in right iliac fossa 11 

Pain in epigastrium 54 

Pain in right upper quadrant 11 

Pam after meals 35 

Pain relieved by •vomiting 7 

Tenderness 369 

Constipation 213 

Nausea 140 

Vomiting 135 

Belching 96 

“Indigestion” 91 

Poor appetite 71 

Distention 55 

Sour regurgitation 53 

Diarrhea 18 

Jaundice 9 

Vomiting blood 5 

Borborygmus 4 

Hiccups 2 


Constipation was complained of in 213 cases Although this may be 
etiologic, it is a very common symptom in persons not suffering from 
chronic appendicitis, and from the follow-up statistics we believe that 
those cases presenting a picture of enteroptosis, together with constipa- 
tion and a nervous instability, should not be relegated immediately to 
the category of those suffering from chronic appendicitis Constipation 
and chronic appendicitis are so frequently associated that it is difficult 
to determine which condition is the cause and which the effect 

Nausea, vomiting, belching and other gastric manifestations were 
very frequent In the five cases in which there was hematemesis and 
in the thirty-five with pam in relation to the ingestion of food, no 
upper abdominal lesions were demonstrable at operation 

Since our interpretation of a chronically diseased appendix clin- 
ically, is that of an appendix subjected to recurrent inflammation the 
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m story of attacks of p.un in the abdomen which might ha\e been due 
to appendicitis is of great importance The total number of patients 
giving a definite history of previous attacks of pain is 418 Jn those 
histones in which the number of pievious attacks of pain are recorded, 
thirty-two patients had had one attack, sixty-tin ee had had two attacks, 
and 112, three or more attacks, previously Fourteen patients com- 
plained of attacks of pain o\er a period of ten >ears, fifty-two stated 



the first attack had occurred from five to ten years before and 235 
from one to five years, while only eighty-three had their first attack 
less than a year before admission 

It is significant that 145 patients who gave a history of long 
chromcity had an acute exacerbation necessitating immediate operation. 
The importance of this will be seen later in discussing mortality 
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As will be noted, in eight} -two eases in this series no history of a 
pievious acute attack could he elicited, these patients complained of a 
constant dull or burning pain m the right iliac fossa This would 
suggest that a chronic process maj he progressing without acute 
s} mptoms 

oplkatim: riN dings and pathology 
In 160 of the cases, adhesions binding down the appendix were 
noted This number undoubtedly does not include those cases in which 
adhesions of a minor character were observed The appendix was 
retrocecal in sixty-seven cases Fecal concretions were found in 
twenty-two cases (4 4 per cent ) This figure is low, since the statistics 
usually show from 15 to 20 per cent of the cases of appendicitis 
having fecal concretions 

In eight of the cases, tubo-ovarian pathology, exclusive of that of 
gonoriheal origin, was present It is impossible to determine whether the 
initial pathologic condition was in the appendix or in the pelvic organs 


TABLE 3 — Pathologic Findings in Patients Opfratfd on as Chronic Cases 


Lesions 

Cases 

Chronic catarrh.il or diffuse 

113 

Chronic interstitial 

106 

Chronic oblitcratne 

68 

Chronic ulcerative 

29 

Chronic periappendicitis 

11 

Chronic tuberculous 

6 

Carcinoma 

1 

Mucocele 

2 

Normal 

19 

Total 

355 


Clado’s appendiculo-ovarian ligament contains lymphatics which pass 
to the broad ligament, the pelvic connective tissue and the internal iliac 
glands, and in this way it is conceivable that appendicular disease may 
be transferred to the pelvis, as well as by direct proximity of the organs 
Williams and Slater quote Waegili as believing the appendix secondarily 
involved m 16 4 per cent of 896 gynecologic laparotomies 

Table 3 illustrates the pathologic findings in the patients operated on 
during the chronic stage In the reports returned to the surgeons, 
twenty-seven different terms were used to describe the chronic lesions 
We have grouped these in Table 3 A plea might well be made for a 
simpler and more uniform classification by pathologists 

Table 4 gives the pathologic condition of the patients operated on 
during an acute or subacute exacerbation but who gave a definite history 
of chronicity 
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The majority of the pathologic reports of these 145 cases show an 
acute process superimposed on a chronic one Thus, m considering the 
chronically inflamed appendix from the point of view of pathology, we 
have several types to consider First, the appendix which shows an almost 
healed inflammatory lesion, but which at some previous time has gone 
through an acute or subacute process , second, the chronically inflamed 
appendix which has not begun with an acute or subacute reaction, but 
which shows chronic changes and which may have given rise to no 
symptoms , and third, either of the previous types which, by their tissue 
changes, have prepared the soil for an acute exacerbation 


TABLE 4— Pathoiogic Findings in Pvtifnts OrnuTrn on During \n Acutf 
Attack, hut with Historv of CHROMcm 


Condition Cases 

Chronic diffuse or catarrhal 

and acute catarrhal 35 

and subacute catarrhal 3 

and acute periappendicitis 3 

and acute ulcerative 1 

and acute gangrenous 1 

and acute suppurative 1 

Chronic interstitial ^ 

and acute ulcerative 19 

and acute interstitial 23 

and acute catarrhal 14 

Chronic obliterative 

and acute catarrhal 4 

and acute suppurative 2 

and acute interstitial 1 

Chronic ulcerative 

and acute ulcerative 3 

and acute gangrenous 1 


Acute interstitial D 

Acute ulcerative D 

Acute suppurative and gangrenous ° 

Acute suppurative ~ 

Acute diffuse * 

Acute ulcerative and tuberculous 1 

Total 145 


An attempt to classify the symptoms of the cases on a pathologic 
basis was found to be useless except as to the three general groups 
given above We found a similar symptomatology in all the cases of 
chronic appendicitis, including those of tuberculosis and carcinoma of 
the appendix, so that no common pathologic finding can be suggested 
m connection with any group of clinical symptoms 
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The pathologic reports in a series of 1,000 appendectomies per- 
formed during the quiescent period by Battle agree fairly well with our 
statistics, with the exception that he did not encounter so many cases 
of tuberculosis 

In three of the cases, Oxyuits vo miculans was found in the 
appendix .Whether these were causal or simply coincident it is impos- 
sible to state 

MORTALITY 

Among the 355 patients operated on during the quiescent period, 
there was one death (027 per cent ) This death followed an intestinal 
obstruction which was secondary to a congenital fold of peritoneum, 
discovered at operation 

Of the 145 cases in which operation was performed during an 
acute exacerbation, eleven cases were perforated, and there were four 
deaths (2 7 per cent ) 

La Roque m 600 cases of appendicitis of all types had four deaths 
(0 66 per cent ), and Battle in 1,000 cases of chronic appendicitis had 
two deaths (0 2 per cent ) Gibson had four deaths in 555 cases of 
chronic appendicitis (0 72 per cent ) 

RELATION TO UPPER ABDOMINAL DISEASE 

Chronic appendicitis and upper abdominal disease are so frequently 
associated that many surgeons do not think it justifiable to remove a 
chronically diseased appendix without exploring the upper abdomen and 
vice versa Upper abdominal lesions, such as gallbladder disease and 
gastric and duodenal ulcer, should not be remedied without removing 
the appendix 

It was with a view of determining whether or not there was a rela- 
tionship between disease of the appendix and of these organs that we 
have examined the records of seventy-six cases of gallbladder disease 
and eighteen cases of gastric and duodenal ulcer in which the appendix 
was removed at the operation for the upper abdominal disease Of 
the seventy-six cases of gallbladder disease, in forty-four there was a 
history which pointed to previous appendiceal pathology, sixty-nine 
(90 per cent ) of the appendixes removed showing definite appendiceal 
pathology, the pathologic reports being in no wise different from the 
reports of the chronic cases already given There was one case in which 
the appendix incidentally removed proved to be an adenocarcinoma Of 
the eighteen cases of gastric and duodenal ulcer, in nine there was a 
previous history of appendicitis and eleven (61 per cent ) of the appen- 
dixes showed chronic pathologic changes 

It is interesting to compare the age incidence of the cases of chronic 
appendicitis and those of upper abdominal disease It was found that 
the upper abdominal cases occur later in life than those of chronic 
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appendicitis, and it is possible that the diseased appendix may have 
pi aj ed some etiologic part in the upper abdominal disease 

Heyd found the appendix diseased in 67 per cent of the cases in 
which cholec) stectomy was performed and in 54 and 66 per cent, 
l espectively, of the cases in which operation was performed for gastric 
and duodenal ulcers He says that “in 15 per cent of all laparotomies 
there are tuo lesions sufficiently severe to warrant operation ” Dubard 
found chronic appendicitis in more than 33 per cent of 145 cases of 
ulcer, and explained some of the failures after gastro-enterostoni} as due 
to operation on the one organ 

It is true, however, as we have already shown in our analysis of 
symptoms, that chronic appendicitis may simulate disease in the upper 
abdomen In Barclay and McWilliams’ series of 200 patients, 49 per 
cent had pain with stomach symptoms and 80 per cent of these were 
cured by appendectorm Five of our cases, four of Hejd’s and fifteen 
of Bassler’s m which hematemesis was a symptom re\ ealed no ulcer at 
an exploratory laparotomy and ever} case was relieved by appendectomy 
Bassler explains this as a toxic effect of chronic appendicitis Sir 
Berkele) Moynihan’s statement that most of the ulcers of the stomach 
are situated in the right iliac fossa has its origin in facts similar to 
these 

rOLLOW-UP DATA 

This material is based on the replies to the following questions 

1 How long were >ou incapacitated for work following operation 7 

2 Were the symptoms for which the operation was performed 
relieved 7 

3 If not, what symptoms still persist 7 

4 Have you had any further operation for these symptoms 7 

The follow-up was carried out eithei by personal interview and 
examination of the patient or by mail In all, 226 patients were heard 
from Gibson has suggested that the end-results might be more 
valuable if every case could be followed up, since many patients 
wholly relieved may ignore communications We have however, 
presented the statistics as we have them It is the only method of 
determining whether or not we accuse the appendix without sufficient 
evidence It should also be borne m mind that these patients were 
operated on in a teaching hospital and that many of them, especially 
the obscure cases, were studied primarily m the medical wards It may 
thus seem to some observers that the results are bettei than those 

usually reported 

The first question was asked in order to ascertain whether the 
statement so frequently made to patients that they “can return to work 
ten t0 twelve days” is correct We found that, while an occasional 
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patient was able to work two weeks after operation, one patient was 
incapacitated for thirty-two weeks This patient was similar to one of 
Gibson’s cases in that he developed a fecal fistula after operation The 
average time before the patient was able to go to work was five 
and seventy-three hundredths weeks Thus the question of diagnosis 
becomes doubly important since the patient or his dependents may 
suffer economically 

The answeis to the second question are not entirely gratifying One 
hundred and eighty-eight patients were entirely relieved of their symp- 
toms twenty-two weie partially relieved, and sixteen were unimproved 
or made worse 

Thus oui figures aie (1) complete relief of symptoms by operation, 
S3 1 per cent , (2) partial relief of symptoms by operation, 9 7 per 
cent , and (3) no relief of symptoms by operation, 7 07 per cent 

TABLE 5 — Compiaints of Patients Who Were Partially 
Rflieved or S\ mptoms 


Complaints Cases 

Constipation 6 

Gynecologic conditions (prolapsus, paitial) 1 

Occasional pain in scar 3 

Diarrhea 1 

Soieness in right iliac fossa 3 

Tuberculous orchitis 1 

Slight indigestion 2 

Backache 1 


The answers to question 3 throw some light on the preceding figures 
We have grouped the complaints of the patients as to whether they 
were partially relieved or not 

Pai tially Relieved — These patients have minor complaints but were 
relieved of the principal symptoms (Table 5) 

It will be seen that the major complaint m the 9 7 per cent of 
patients who were only partially relieved was constipation Five of 
these patients had McBurney incisions 

Uni chcved — This group comprises cases in some of which, at least, 
in our series, an incorrect diagnosis was made 

1 This patient was operated on two years later for gallstones and 
has since been well 

2 This patient was operated on later for floating kidney and since 
then has had relief of symptoms 

3 This patient was operated on later and a duodenal ulcer was 
found 

4 This patient has been operated on twice since appendectomy for 
adhesions 
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5 This patient was operated on, the case being diagnosed, on later 
admission, as gastric neurosis 

6 This patient has a hernia following a fecal fistula 

Thus mistakes were made in not finding the cholelithiasis, the float- 
ing kidney, and the duodenal ulcer It was also a mistake to operate in 
the case of gastric neurosis Whether the adhesions were due to the 
original infection causing the appendicitis or whether they were post- 
operative we cannot say 

CONCLUSIONS 

1 Few cases of chronic appendicitis are obsened in the first decade 

2 There is a variation of sex and age incidence in the second and 
third decades 

3 The most frequent symptom is periodic pain in the right iliac 
fossa, and in a patient carefully studied this symptom is suggestive 

4 A normal appendix was removed in 38 per cent of our cases 

5 The symptoms of the seven cases of tuberculous appendicitis and 
one of carcinoma did not differ m any way from the remaining cases 
m our series 

6 The mortality of the cases in which operation was pet formed dur- 
ing the quiescent period was 0 27 per cent, while m those in which 
operation was performed during the acute stage it was 2 7 per cent 

7 There seems to be a definite relation between appendicitis and 
upper abdominal disease and between appendicitis and pelwc disease 

8 Hematemesis may be a manifestation of chronic appendicitis 

9 The average postoperative incapacitation w r as five and seventy- 
three hundredths weeks 

10 Eighty-three and one-tenth per cent of the patients followed up 
were entirely relieved, 9 7 per cent were partially relieved and 7 07 
per cent were unrelieved 

11 The latter group was partly due to pathologic conditions 
unrecognized because of faulty study and exploration 



STUDIES IN EXPERIMENTAL TRAUMATIC SHOCK 

VI THE ACTION O T ETHER ON THE CIRCULATION IN 
TRAUMATIC SHOCK * 

McICEEN CATTELL, PhD 

BOSTON 

This study was undertaken in an attempt to determine the effects of 
ether on the factors which influence the blood pressure, with special 
reference to the conditions as they occur in shock or circulatory failure 
The fact, long known, that a patient in a condition of shock is a poor 
anesthetic risk was strongly brought to the attention of surgeons during 
the recent war, and led to an experimental study of the problem at the 
Laboratory for Surgical Research, A E F , under the direction of 
Lieut -Col W B Cannon This study has been continued in the 
Laboratory of Physiology at the Harvard Medical School 

In the account which follows, the effects of ether on the blood 
pressure will be first considered, then an examination of its action on 
the heart, vasomotor system and blood vessels, and finally a discussion 
from the point of view of the circulation as a whole, together with a 
consideration of the changes occurring m shock 

THE EFFECTS OF ETHER ON THE BLOOD PRESSURE 
The interpretation of blood pressure changes produced by ether is 
extremely difficult Alterations may be produced by direct action on 
the heart or blood vessels or indirectly through the vasomotor or vagus 
centers, and by reflex effects from many parts of the body, or by 
various combinations of these factors Moreover, the depressant action 
of the narcotic on the general body functions, such as changes in 
muscle tone or cell metabolism, may cause, independently of any direct 
action on the circulatory system, a secondary modification of the blood 
pressure Partial asphyxia, produced by a reduction of the oxygen in 
the inspired air, by a depression of the respiration, or by the effects 
of a fall in blood pressure, may also be a contributory cause to any 
pressure changes It is, therefore, not surprising to find reported in 
the literature a diversity of effects from the administration of ether, 
and much difference of opinion as to their cause It is only by a study 
of the influence of the anesthetic on the separate parts of the circula- 
tion that significant conclusions can be reached , nevertheless, the form 
of the blood pressure curve, under various conditions of ether adminis- 
tration and under varying conditions of the patient or animal, shows 
instructive differences 


x From the Laboratories of Physiology of the Harvard Medical School 
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Lite; at in c— In recent years, there has appeared m the literature a 
large number of clinical observations on the eftects of anesthetics on the 
blood pressure It will be sufficient to mention here only a few of the 
most impoitant papers, since the experimental work performed on 
animals gives us more reliable information Most of the earlier measure- 
ments of blood pressuie m man under anesthetics were made for a 
comparison of the eftects of ether and chloioform, and it is now well 
established that the administration of chloroform results in a definite 
decrease in the blood pressure The effect of ether is not so clear The 
earliest direct measurements of blood pressure m man during ether 
anesthesia were made by Blauel 1 In a series of 100 patients, a large 
percentage showed a use m blood pressure, and it was onlj at the end 
of the operation that there was any tendency to a fall The observations 
of Kaefer, 2 Holz, 3 4 5 6 Mummery,' Walton/’ Blumfeld,® Fairlee, 7 and 
Marshall, 8 9 10 show that there is either a slight rise m pressure during the 
administration of ether or no change McWilliam 0 reports that ether 
administration results in a gradual but slight fall in pressure The 
observations of Cook and Briggs 30 indicate that ether causes a transitory 
initial rise followed by a slight fall in pressure Similar conclusions 
are reached by Cushny 11 (p 205) 

While it appears to be generally recognized that patients in a condi- 
tion of shock or circulatory collapse are very susceptible to the effects 
of ether and chloroform, no observations on the blood pressure changes 
resulting under these conditions have been found m the literature 
Marshall, 8 working with the severely wounded at the front, found that, 
after ether anesthesia, collapse frequently occurred, while under nitrous- 
oxid and oxygen there was but slight reduction in the blood pressure 
In addition, there are a considerable number of clinical observations 
showing the superiority of nitrous oxid anesthesia over that of ether 
in conditions of shock, and these testify to the sensitive condition of the 

1 Blauel Beitr ? khn Chir 31 271, 1901 

2 Kaefer St Petersb med Wchnschr 10 233, 1893 , referred to m Zentralbl 
f Chir 21 58, 1894 

3 Holz Beitr z klin Chir 97 177, 1915 

4 Mummery Lancet 1 696, 776, 846, 1905 

5 Walton Lancet 2 17, 1905 

6 Blumfeld Practitioner, Jan -June, 1909, p 231 

7 Fairlee Lancet 1 603, 1914 

8 Marshall Proe Roy Soc Med, Sect on Anesthetics 10 17, 1916-1917 

9 McWilliam, referred to m Patton Anaesthesia and Anaesthetics, Ed 2, 
Chicago, Cleveland Press, 1906, p 100 

10 Cook and Briggs Bull Johns Hopkins Hosp 11 451, 1903 

11 Cushny Text Book of Pharmacology and Therapeutics, Ed 7, Phila- 
delphia, Lea & Fabiger, 1918 
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circulatory system to the administration of ether Cannon 12 reports a 
senes of observations on the blood pressure and alkali reserve m 
severely wounded men, under ether, before and after operation It was 
found that the blood pressure fell during operation and that, in general 
the greater the fall in blood pressure the lower the original carbon 
dioxid capacity of the blood This observation is of interest m connec 
tion with experimental work 13 showing that the degree of acidosis is 
a direct indication of the circulatory condition, 1 e , the extent of shock 

To summarize, the evidence indicates that ether, properly admin- 
istered to normal subjects, produces no fall in blood pressure or may 
even cause a transitory increase during the early stages of its administra- 
tion, while in shock, circulatory collapse frequently occurs 

It is a matter of common experience in the physiologic laboratory 
that animals may be kept under ether anesthesia for a number of hours 
without any appreciable drop in blood pressure Knoll, 14 m 1878, 
reported a fall in pressure from ether and chloroform in rabbits Similar 
observations were made by Cushny 15 in rabbits and dogs, by Witte 16 
in rabbits, by Pick 17 in dogs, and McWilham 18 m cats Kionka 19 and 
Elfstrand 20 found practically no change m the blood pressure in rabbits 
under ether anesthesia Similar conclusions were reached by Bock 21 
from a series of experiments on isolated heart-lung preparations from 
rabbits Csiky 22 reports, from experiments on dogs, that ether raises 
the blood pressure by stimulation of the heart Duplay and Hallion 23 
made a careful study of the fluctuations of blood pressure occurring 
under chloroform and ether anesthesia, and an attempt was made to 
determine the cause of these variations by simultaneous measurements 
of the changes m volume of the kidney The conclusion was reached 
that the first rise in the blood pressure curve was due to vasoconstriction, 
while the fall in pressure which followed was due to a decrease in the 

12 Cannon, W B Acidosis in Shock, Hemorrhage and Gas Infection, 
J A M A 70 531 (Feb 23) 1918 

13 Cannon, W B , and Cattell, McKeen Studies in Experimental Traumatic 
Shock V The Critical Level m a Falling Blood Pressure, Arch Surg 4 300 
(March) 1922 

14 Knoll Philipp Sitzungsb d k Akad Wissensch , Math -Naturw Cl „ 
Wien 78 223, 1878 

15 Cushny Ztschr f Biol 28 365, 1891 

16 Witte Dissert Gottingen, 1898 

17 Pick Arch f exper Path u Pharmakol 42 399, 1899 

18 McWilham Brit M J 2 831, 890, 948, 1890 

19 Kionka Arch f khn Chir 1 339, 1895 

20 Elfstrand Arch f Path u Pharmakol 43 435, 1900 

21 Bock Arch f exper Path u Pharmakol 41 173, 1899 

22 Csiky Magy droosi Arch 7 

23 Duplay and Hallion Arch gen de med 9 130, 1900 
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activity of the heart Cushny, in an early edition of his textbook , 24 
states that the evidence indicates that the first efifect of ether is 
a depression of the heart, resulting in a fall m blood pressure, which 
in some instances may be compensated for by a vasoconstriction 
from reflex stimulation of the vasomotor center, so that the blood 
pressure may rise while the heart is slowed The statement is made in 
a report of the Medical Research Committee of Great Britain 25 that 
experiments with animals under ether anesthesia have shown that, when 
a state of acidosis has been produced, the administration of ether m 
but slight excess of the amount needed to maintain anesthesia readily 
induces a fall in blood pressure Other than this, no reference has 
been found bearing on the question of the effect of ether m experimental 
shock 

It will be noted that there is a slight discrepancy in the conclusions 
reached by different observers, a few reporting no change in blood 
pressure under ether anesthesia but the majority finding some fall In 
the light of research on the action of ether on the separate parts of the 
circulatory system, this is not surprising, the blood pressure being 
dependent on the summation of a number of factors, some of which 
tend to increase it and others to have the opposite effect Moreover, 
there is the factor of individual variation, perhaps dependent to a con- 
siderable extent on the condition of the animal Any one w r ho has 
worked on the vasomotor reactions is aware how great these variations 
may be The method and rate of administration have an important 
influence on the result These factors alone m certain individual 
animals will determine whether the net result is a fall or a rise in blood 
pressure 

Method — Following is a general outline of the technic employed 
m obtaining the blood pressure records In addition, there were 
several special methods used and modifications of procedure, which 
will be described in connection with the particular experiment m which 
they were employed In all the later experiments, cats were used, 
while many of the earlier ones, which w^ere done at Dijon, France, 
were performed on dogs and rabbits Various anesthetics were used, 
depending on the point to be investigated Usually, it was found most 
convenient and satisfactory to keep the animals under light ether 
anesthesia, which could be entirely removed just before making a test to 
determine the effects on the blood pressure of inspiring strong ether 
In other cases, ethyl carbamate (urethane) was used, and, in still others, 
the cats were decerebrated under preliminary ether anesthesia 

24 Cushny Text Book of Pharmacology and Therapeutics, Ed 6, 1915, 

p 201 r' 

25 Medical Research Committee Report of Special Investigative com- 
mittee on Surgical Shock, No 7 Acidosis and Shock, 1918, p 12 
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Blood pressure records were obtained from the carotid artery of the 
animal by means of an ordinary mercury manometer and kymograph 
Usually, the drum was run at a slow rate, so that pressure changes 
covering relatively long periods might be conveniently recorded , but in 
other cases, when changes in the heart rate were to be determined, a 
more rapid rate was employed V anous methods of ether administration 
were used at different stages of the experiments The following 
was found to be the most satisfactory A constant stream of air, from 
a source of pressure, was passed through an ether bottle provided with 
a short-circuiting arrangement, so that all, part, or none of the air 
bubbled through the ether This was conducted by means of rubber 
tubing to the animal through a T-shaped cannula m the trachea, the 
other end of which was connected to a Muller water valve Usually, 
the animal was allowed to breath naturally, but a motor-driven inter- 
rupter of the air current was placed between the source of compressed 
air and the ether bottle so that in case artificial respiration was desired 
it was readily available The advantage of this method is that the 
ether can be administered without rebreathing, and without m any way 
disturbing the animal, all the other conditions remaining constant The 
concentration of the ether m the inspired air was not measured, but the 
conditions in the whole series of experiments were practically uniform 
and there is no reason to suppose that there was wide variation in the 
ether concentrations In any case, small variations would not interfere 
with the comparisons, as the depth of anesthesia, as indicated by the 
disappearance of reflexes, was used as a standard, and this probably 
corresponds closely to the concentration of ether in the blood, regardless 
of the slight differences of concentration in the inspired air While the 
ether was being given during a test, repeated observations were made 
on the eye reflex by a gentle and uniform tap at the inner corner of 
the eyelids and, at the time when the reflex had just disappeared, the 
blood pressure noted Thus it was possible to make comparisons 
of the blood pressures at a given depth of anesthesia in different animals, 
and m the same animal under different conditions In making a test, 
the ether was turned on suddenly and was of such strength that it 
would cause a fairly rapid disappearance of the reflexes, and, if con- 
tinued long enough, would cause death It having been abundantly 
demonstrated that a condition of light anesthesia could be brought about 
with practically no effect on the blood pressure of the normal ammal, 
the object of these experiments was to study not the effects of light 
anesthesia but rather the acute effects of concentrations of ether having 
a definite influence on the blood pressure In most of the experiments, 
the administration of ether was continued nearly to the point where the 
life of the ammal was endangered A note was made on the blood 
pressure record at the instant the eye reflex could no longer be obtained, 
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and also at the point where, after a given period of time, the ether was 
discontinued 

In nearly all cases, observations were made on the effect of ether 
on the blood pressure early in the experiment, when the animal was in 
good condition, and again later, after the development of shock, all 
conditions being kept as nearly uniform as possible throughout the 
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experiment In many cases, the animal spontaneously developed a condi- 
tion typical of shock after having been kept anesthetized for a number 
of hours , m others, the condition was artificially hastened by interference 
with the circulation This was done by a method, previously described, 13 
by which the mtrapericardial pressure is increased, thus interfering with 
the normal return of the blood to the heart and reducing the blood 
pressure The reduction of the pressure to 60 mm of mercury for one 
hour was usually sufficient to produce symptoms of shock 

The Effect of Ethei on the Blood Piesswe of Nonnal Cats — 
Almost invariably there is a sharp primary fall m blood pressure at the 
beginning of the ether administration, which, in the majority of cases, 
is temporary and is followed by a gradual recovery as the anesthesia 
deepens This rise may reach a greater height than the original blood 
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pressure or it may remain somewhat below this level In a series of 
twenty experiments on cats, summarized in the accompanying table, 
this type of reaction occurred in 60 per cent of the cases A some- 
what extreme example is illustrated by the record presented in Figure 1 a 
In these cases, the average drop in blood pressure was 32 mm of 
mercury This drop, however, is temporary, the pressure being back to 
normal by the time a degree of anesthesia was reached sufficient to 
cause a disappearance of the eye reflex This degree of anesthesia was 



* h r 

A BC 

Fig 1 — Examples of the effect of ether on the blood pressure of cats 
A, record from Experiment 85 a, ether on, b, reflex gone (ninety-five seconds) , 
c, ether off (140 seconds), B, record from Experiment 69 1, ether on, 2, 

ether off (four minutes), C, record from Experiment 50 1, ether on, 2, 

reflex gone and ether turned off 

obtained in from two to four minutes If the administration of ether 
was continued longer, usually after about five minutes a second fall in 
blood pressure occurred which quickly caused the death of the animal 
The second class of cases shown m the accompanying table includes 
those animals in which the primary fall in blood pressure was not 
followed by a rise but continued at the new lower level It will be 
noted that in these cases the fall in pressure was not very marked, so 
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that, although there was no recovery, the blood pressure was still at a 
high level when the eye reflex disappeared An example of this type 
of leaction is shown in Figuie 1 b 

In only three out of the senes of twenty cats was there a failure to 
maintain a normal blood pressure, as is shown in the table In these 
three cases, there was a continued fall in pressure, so that the ether had 
to be discontinued before deep anesthesia was attained This is the type 
of blood pressute change found, to a more marked degree, in shocked 
animals It is illustrated m the record shown in Figure 1 c In these 
cases, the animals had previously undergone severe operation, m one 
case, decerebration, in the other two, chest operations, and it is probable 
that this condition of ethei sensitiveness did not exist previous to these 
procedures 

In some cases, as the depth of anesthesia increases, the respiration 
may become gradually more shallow, even before the eye reflex dis- 
appears It seemed possible that part of the recovery of the blood 
pressure which occurs during the administration of ether might be 
accounted for by an asphyxia produced m this way That this factor 
may influence the extent of recovery is indicated in a few experiments 
in which there was a slightly less marked recovery with artificial respira- 
tion Frequently, however, the rise obtained under regular artificial 
respiration is equal to that under natural respiration 

By giving the ether gradually, it is always possible, in the normal 
animal, to attain a depth of anesthesia where the eye reflex is abolished, 
without the intervening drop in blood pressure If ether is inhaled 
while the animal is anesthetized, the effect on the blood pressure is 
very much less than when it is given to an animal that is not already 
under the influence of ether Similarly, the fall in pressure caused by 
the intravenous injection of ether is much less in the deeply anesthetized 
animal In eight out of nine cats tested with ether injections, this was 
true These animals repeatedly gave greater drops in pressure when 
the anesthetization was light For example, m Experiment 53, m six 
trials there was an average fall of 19 3 mm following the injection of 
1 c c of a saturated solution of ether m physiologic solution of sodium 
eWorld at room temperature (about 8 per cent ether) during light 
anesthesia, whereas, with deep etherization, a similar series of six 
injections caused an average fall of only 8 3 mm , the original pressure 
being the same in each case 

The significance of these pressure changes will be considered later 
m relation to the action of ether on the separate parts of the circulatory 
system 

The Effect of Ethct on the Blood Piesswe of the Shocked Animal 

these experiments, methods were used in obtaining the records 

and m administering the ether similar to those described for the normal 
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animal In fact, in most cases, records of blood pressure showing the 
effects of ether before and after shock were obtained from the same 
animal, all the external conditions remaining constant The effects on 
the blood pressure are strikingly different after shock has developed 
A typical result is illustrated in Figure 2 Just as in the normal animal, 
the first effect is a sharp drop in pressure, but this is not followed by a 
recovery, instead, there is a further fall which rapidly approaches zero, 
often before the eye reflex disappears Even when ether is administered 
more gradually and to a much less degree, the pressure falls, though 



Fig 2 — The influence of strong ether on the blood pressure before and 
after shock 1, ether on , 2, eye reflex gone , 3, ether off A, ether effect before 
shock, B, a record taken three hours later after shock had developed, but 
under otherwise similar conditions 

not so abruptly In a series of over fifty animals this increased sensitive- 
ness to ether was so constant that it is unnecessary to tabulate the 
individual experiments Regardless of how the ether is administered, 
the blood pressure in the shocked animal will show a considerable 
decrease at the point where the eye reflex is just obliterated , whereas, 
m the normal animal, the pressure is but slightly, if at all, below that 
before anesthetization The significance of this change in the effect of 
ether will be discussed later 





50 


ARCH I] /.S' 01 SbRC.lZR) 


The Effect of Nit) ous Oxid-Oxygm Anesthesia on the Blood 
Picsunc — In the com sc of out woik at the Dijon laboratory, some 
incidental obsenations weie made by Di Cannon and imself on the 
effects of nitious oxid-oxygen anesthesia on the blood pressure of 
shocked animals, which ma) he briefly mentioned here It was found 
possible to induce in the shocked animal a full degree of anesthesia 
without any fall in blood piessme In the same animal, the inhalation of 
ether to the same depth of anesthesia, 1 e , until the eve reflex dis- 
appeaied, would cause the usual diop in blood piesstirc 1 he absence of 
cnculaton depicssion with nitious oxul and ox\gcn is true onl> when 
they are admmistcied in the most fa voluble pioportions, the best results 
being obtained In the use of the largest proportion of oxjgen com- 



Fig 3 — Comparison of the effect of ether and of nitrous oxul and ox\gcn in 
a shocked animal In each case, the anesthetic was gnen until the eye reflex 
just disappeared, when the record was taken 1 Blood pressure drop produced 
by ether, 2, blood pressure drop produced by nitrous oxid and oxygen, 6 1, 
3, blood pressure drop produced by nitrous oxul and oxygen, 5 1,4, blood 
pressure drop produced by nitrous oxid and ox\gen, 4 1,5, blood pressure drop 
produced by nitrous oxul and oxygen, 3 1,6, blood pressure drop produced 
by ether 

patible with the production of the desired depth of anesthesia This 
result can usually be obtained with a mixture of from three or four 
parts of nitrous oxicl to one part of oxygen Higher concentrations of 
nitrous oxid may result in a fall in blood pressure nearly as great as 
that from ether In some animals, it is not possible to get complete 
abolition of the eye reflex without some fall in pressure, but this fall 
is always less than that resulting from ether (Fig 3) 

THE ErFECTS OF ETHER ON THE HEART 

Liteiatuic — The importance of the influence of anesthetics on the 
heart was early recognized, and a considerable amount of careful 
experimental wmrk has been done on the action of chloroform and ether 
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much of which was carried out fiom the point of view of determining 
the relative toxicity of these two drugs Knoll, 14 m 1879, made a com- 
parative study of the effects of chloroform and ether on the circulation 
in rabbits, from which he concluded that ether m moderate doses was 
limited in its influence to the vasomotor system, while chloroform had 
a direct injurious action on the heart Diaballa 20 was the first to make 
a quantitative study of the relative toxicity of different anesthetics 
on the heart He transfused the isolated frog heart with solutions 
of sodium chlorid, to which were added varying amounts of the 
drugs studied A chloroform concentration of 0 126 per cent was 
sufficient to bring the heart to a standstill within two and a half minutes, 
while with ether it was necessary to use a concentration of 2 84 per 
cent to produce the same effect Ether in a concentration up to 0 235 
per cent was without influence on the heart In perfusion experiments 
carried out by Osthelder 27 on the frog heart, it was found that the 
employment of either chloroform or ether resulted in a depression of 
its function, the effects being much more marked with chloroform If 
the amount of ether was sufficiently small, stimulation of the heart 
resulted McWilham 18 reports a series of experiments on cats in which 
he obtained simultaneous records of the blood pressure and of the 
auricular and ventricular contractions, and recorded the variations pro- 
duced by the inhalation of ether and chloroform under artificial respira- 
tion It was found that with either of these substances, when given in an 
amount sufficient to cause a disappearance of the corneal reflex, there 
was a drop in the blood pressure along with a decrease in the functional 
activity of the heart The conclusion was reached that chloroform 
depresses the heart directly, while the effect from ether is secondary to 
a lowered blood pressure The grounds for the conclusions regarding 
the effects of ether are not evident from the results presented , the fall 
in pressure might with equal probability be interpreted as being 
secondary to the weakened heart action In the isolated heart-lung 
preparation of rabbits, Bock 21 observed little or no drop m pressure 
from ether administered in the inspired air, whereas the administration 
of chloroform resulted in a marked drop The concentrations of the 
anesthetics used are not given Muehlberg and Kramer 28 studied the 
effects of ether and chloroform injected directly into the circulation 
Both substances caused a rise m blood pressure when introduced into 
the carotid, but, when injected intravenously, a fall in pressure It 
was concluded that ether injected intravenously is more toxic than 

26 Diaballa Arch f exper Path u Pharmakol 34 147, 1894 

27 Osthelder Diss Wurzburg, 1896 

28 Muehlberg, William, and Kramer, S P The Action of Toxic Doses of 
Ether and the Influence of Amyl Nitrite Thereon, J A M A 48 2093 (June 22) 
1907 



52 


ARCHIVES 01' SURGERY 


chlorofoim and that the fall in pressure is due to a direct depressant 
action on the heait Tunntclift and Rosenheim transfused the isolated 
mammalian heait with Locke’s solution The addition of 0 01 per cent 
of chloioform had a noticeable influence, while 0 10 per cent brought 
the heart to a standstill Ether was much less effectne, causing 
only a temporary irregularil} and slowing of the heart However, 
concentrations of ether were used only up to 0 20 per cent , which 
were based on the determinations of Fran?, 30 who found in the blood 
of etherized animals only 0 05 per cent of ether More recent determina- 
tions have indicated that this figure is too low Nicloux 31 gives from 
0 13 to 0 15 per cent of ether as average figures for the amount present 
in the blood during deep anesthesia Storm van Leeuwen 32 found that 
at the point where the eye leflex disappeared the percentage of ether 
in the blood by weight was 0 IS Additional experiments by Schram, 
Storm van Leeuwen and van der Made 33 showed that a concentration 
of from 0101 to 0 212 per cent was necessary before any harmful 
effects on the circulation were evident, and that the complete arrest of 
the heart occurred with a blood ether content of 0 250 per cent With 
the removal of vagus influences, and by maintaining artificially an 
adequate circulation, the minimum lethal dose rose to 0 553 per cent 
Since drops in blood pressure were obtained with concentrations of 
ether insufficient to affect the isolated heart, the conclusion was reached 
that the fall in pressure is due to an influence on the vasomotor and 
vagus centers Loeb 34 also investigated the action of ether on the 
isolated cat heart, perfusing with a blood-sodium chlorid mixture He 
found 0 133 per cent to be the minimum harmful dose, and 1 7 per 
cent the minimum lethal dose Perfusion experiments on the isolated 
turtle heart were carried out by V ernon 35 Ringer’s solution, containing 
various concentrations of ether and chloroform, was perfused through 
the aorta, and the effect on the extent of contraction recorded In con- 
centrations of ether above 0 10 per cent , the heart was affected, a 0 20 
per cent solution reducing the extent of the contractions to 75 per cent 
of their original value Chloroform was about twenty-five times as 
effective 

29 Tunmcliff and Rosenheim Proceedings of the Physiological Society, 

J Physiol 29 15, 1903 

30 Franz Dissert, Wurtzburg, 1895 

31 Nicloux Les Anesthesique generaux au point de vue Chimico- 
physiologique, Paris, 1908 

32 Storm van Leeuwen Arch f d ges Physiol 165 594, 1916 

33 Schram, Storm van Leeuwen and van der Made, Arch f d ges Physiol 
(Pfluger’s) 165 123, 1916 

34 Loeb Arch f exper Path u Pharmakol 52 459, 1905 

35 Vernon J Physiol 45 194, 1910 
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The experimental evidence briefly summarized above strongly favors 
the assumption that ether, m the concentrations present in ordinary 
anesthesia, causes a decrease in the efficiency of the heart, which might 
account for any fall in arterial pressure occurring under ether anes- 
thesia In the course of this investigation, a few experiments were 
made on the action of ether on the heart Though confirmatory of the 
results obtained by previous workers, they may be worth recording 
here Information was gained in three ways from experiments on 
the heart volume, from the contractions and output of the cold-blooded 
heart, and from blood pressure changes 

The Effect of Ether on the Tonus of the Heait — In order to 
determine what part the heart played un the blood pressure changes 
induced by ether, it was of interest to know what changes occurred in 
the heart under the experimental conditions described in the first section 
To do this, heart volume records were made, using the pericardial sac as 
an oncometer This method has been employed by a number of the older 
investigators for the examination of the systolic output under various 
conditions, and is described in a paper by Johansson and Tigerstedt 36 
Schafer 37 states that the method has been found unsuitable on account 
of the elasticity of the pericardium and interference with the action of 
the heart by the surrounding fluid These objections doubtless hold 
for the examination of the systolic output, but do not apply to the use 
of the method for investigating the changes m the heart volume 
occurring over a period of time independently of the individual con- 
tractions The advantage of the method over others is its extreme 
simplicity A glass cannula is inserted into a small opening m the 
pericardium and tied in place It is connected directly to a volume 
recorder, the volume changes of the heart being transmitted through 
some fluid (a 6 per cent gum-salt solution was found satisfactory) 
The chest can be closed and the animal allowed to breathe naturally 
after the operation is completed Ether was administered through a 
tracheal cannula in the usual manner 

In this way, heart volume records showing the effects of ether were 
obtained in eleven cats, all of which gave consistent results as often as 
the inhalation of ether was repeated From the beginning of the 
administration of ether, there is a relaxation of heart tone, as indicated 
by an increase m volume This becomes progressively greater as the 
anesthesia becomes deeper, the maximum dilatation being reached only 
with the death of the animal This is true regardless of the pressure 
changes which may occur as a result of the ether, the heart volume 
increasing through the primary fall and the subsequent recovery In 

36 Johansson and Tigerstedt Shand Arch f Ph\siol 1 331, 18S9 

37 Schafer Te\t Book of Ph\siologA, 1900, Vol 2 
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one unusually resistant animal, it was possible to give ether in relatively 
strong concentration with practically no effect on the blood pressure 
until after the eye reflex had disappeaied The heart volume record 
i egistered the usual mciease, giving further evidence that the changes 
recorded represent a true change of heart tone independent of any blood 
pressure changes A lecord taken from this animal is given in Figure 4 
A second tracing is illusliated in Figure 5, taken from the same experi- 
ment, with the animat under artificial respiration and the chest open, 
showing that the change is not dependent on any effect on the respiration 
or tone of the chest muscles Similar results are obtained after cutting 



Fig 4 — Effect of ether on the heart volume top record, blood pressure 
with mercury manometer, middle record, heart volume taken with a volume 
recorder, a rise indicating an increase in volume, bottom record, zero blood 
pressure and signals 1, ether on, 2, eye reflex gone, 3, ether off after two and 
one-half minutes 

both vagi, although the blood pressure changes and increase of heart 
volume may be less marked under these conditions 

A similar but very transitory effect on the heart volume is produced 
by the intravenous injection of small amounts of ether dissolved m 
Ringer’s solution This is illustrated m Figure 6 

Since the method does not exclude effects which might be produced 
by volume changes of the auricles and entering veins, it might be argued 
that the effects recorded are due to a passive filling of these parts This 
is made quite improbable from the facts that (a) the effect is mde- 
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pendent of pressure changes , ( b ) it is not necessarily accompanied by a 
slowing of the heart, and (c) the administration of ether is accompanied 
by a peripheral constriction (to be demonstrated later) That the 
increases in heart volume registered are not due to the passive effects 
resulting from the fall in arterial pressure or to a dilatation of the 
blood vessels can be demonstrated by bringing about these changes 
artificially through the occlusion of certain areas of the circulation The 
removal from the carotid of a clip which has been present for some 



Fig 5 — Tracing taken from the same animal as in Figure 4, but with the 
chest widely opened and under artificial respiration Top record, heart volume, 
the rise representing an increase in volume, middle record, blood pressure with 
mercury manometer, bottom record, zero blood pressure and signals showing 
time of ether administration 

minutes results in a decrease of the peripheral resistance with a conse- 
quent fall m blood pressure , but the change in the heart volume record 
is just the opposite from that caused by ether, that is, there is a small 
decrease 

The question may be raised as to whether the relaxation of heart tone 
is accompanied b} a decrease m the output of blood That such a 
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relationship holds is indicated by the evidence Certuml) it is true in the 
isolated heait of the cold-blooded animal, wheic, in experiments 
presently to be descnbed, ether causes a marked decrease in tone and 
at the same time reduces the extent of contraction and the output per 
minute Moieovei, the effects on the volume are similar to those pro- 
duced by vagus stimulation, cat bon choxid and other agents which are 
known to decrease the heart output The progressne character of the 
dilatation, as the anesthesia deepens, until the time of death, is also 
an indication that the change is one of continuously decreasing output 
The Effect of Ethc) on the Isolated Cold-Blooded Heait — In order 
more directly to observe the cardiac effects of ether in the concentrations 
present in the blood, some tests were made on strips of muscle taken 



Fig 6 — Effect of intravenous injections of ether on the heart volume Record 
shows the effects of three successive injections of 1 cc of physiologic solution 
of sodium chlorid saturated with ether at room temperature Upper record, 
blood pressure with mercury manometer , middle record, zero blood pressure , 
lower record, heart volume, a rise representing an increase m volume 


from the auricle of the turtle heart Records were obtained of the 
rate and extent of contraction by simply attaching one end of the 
auricular muscle to a heart lever and the other to a glass rod which 
extended down into a beaker of Ringer’s solution to which the various 
concentrations of ether could be added 

When first removed from the animal, the strips of auricular muscle 
always showed marked rhythmic changes in tone On changing the 
Ringer’s solution to one containing 0 18 per cent ether by weight, there 
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was a gradual but immediate fall in tone and the rhythmic variations 
ceased, as shown in Figure 7 When a change was made to a fresh 
solution without ether, there was a rapid recovery of tone and resump- 
tion of the periodic contractions It will be noted that there is some 
decrease in the extent of the contractions In some cases, an exposure 
to this concentration of ether for twenty minutes resulted in a decrease 
to about half of the original amplitude In experiments on the isolated 
frog heart, later to be reported in detail, it was found that ether, 
used in this concentration, produces a marked reduction m output, 
along with a decrease in the extent of the contractions 



Fig 7 — The effect of a weak ether solution on the isolated auricle of the 
turtle heart A, record taken from auricle in Ringer’s solution, B, record 
taken immediately after changing to a solution containing 0 18 per cent of ether 
by weight, upper record, auricular contractions, lower record, time m five 
second intervals 

These results are confirmatory of a number of observations previ- 
ously recorded m the literature They are of interest m connection with 
the work of Storm van Leeuwen, 32 referred to above, who found that in 
the cat the eye reflex disappeared when the concentration of ether in the 
blood reached 0 IS per cent by weight This concentration of ether is 
sufficient m the cold-blooded heart to cause a decrease in tone and extent 
of contraction, and it is probable that m the cat the effect, at a higher 
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temperatm e, would be even gt eater and might thus account for the fall 
m blood piessure occurring m ethei anesthesia 

The Effect of Etho on the El cm / Deduced from Blood Ptessme 
Changes — An examination of the blood pressure effects from ether, m 
connection with the conditions of peripheral tone, reveals further infor- 
mation Turning back to the blood pressure records of the normal cat 
(Fig 1), it will be remembered that there is a sharp initial drop in 
pressure, followed, in most cases, by recovery Simultaneous plethysmo- 
graph and perfusion experiments on the hind leg, described m the 
section following, show that during this drop there is no dilatation of 
the blood vessels whatever — indeed there may be constriction The 
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Fig 8— The effect of cutting both %agi on the fall in pressure produced b} 
ether in a shocked animal, A, ether fall produced before cutting vagi, B, the 
same after cutting vagi, 2 marks the time when the eye reflex could no 
longer be elicited, and 3, after four minutes of ether inhalation 

pressure fall must, therefore, be due to an influence on the heart The 
later drop in pressure occurring during very deep etherization may be 
due m part to vasomotor effects , but this does not concern us here 
The vagus center undoubtedly modifies to some extent the changes 
m blood pressure resulting from the administration of ether Knoll 14 
observed that animals with cut vagi were able to withstand much larger 
doses of ether than the animals m which the vagi were intact Schram, 
Storm van Leeuwen, and van der Made 33 found that it required an 
average concentration of 0 31 per cent of ether in the blood to bring the 
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heart to a standstill in animals under atropm, or with cut vagi , while, in 
the intact animal, the heart was brought to a standstill by a concentra- 
tion of 0 25 per cent An example of the effect of the same dose of 
ether before and after cutting the vagi in a shocked animal is given in 
Figure 8 A similar effect was observed on the respiration, animals 
with cut vagi continuing to breathe for a longer period under strong 
ether inhalation 

In the transitory effect produced by the injection of small amounts 
of ether into a vein, there is always a primary drop m blood pressure 
which may be followed by a rise above normal In this case, the heart 
is reached before the vasomotor center or peripheral vessels On the 
other hand, if the injection is made into the carotid artery toward the 
head, the relations are reversed the vasomotor center is first reached, 
resulting m a rise in pressure, followed later by a fall The time relations 
here indicated strongly support the idea that the fall in pressure is due 
to an influence on the heart These experiments will be considered in 
greater detail in connection with the study of the vasomotor effects of 
ether 

The Effect of Ethei on the Heait in Shock — No references have 
been found to experimental work on the effects of anesthetics on the 
heart m shock There is much evidence, however, that the function 
of the heart is m no way depressed in this condition, and that it is still 
capable of doing the normal amount of work 38 While direct experi- 
mental examination as to this question has not been made, no indication 
of an increased ether effect on the heart has been observed in the course 
of these experiments The investigation of the problem is made difficult 
by the marked drop in blood pressure resulting from the administration 
of ether in shock This interferes with plethysmograph records and 
also with the nutrition of the heart, thus causing a depression inde- 
pendently of the direct action of ether on the organ The administration 
of ether unquestionably results m an earlier cessation of the heart beat 
in the shocked animal, but this may well be due to the secondary effect of 
the low blood pressure There is, in fact, some evidence that the heart 
may become more resistant under the conditions of those experiments 
in which ether is repeatedly given over long periods In a number of 
animals in which the blood pressure had been low for some hours and 
a considerable additional fall was not possible, the heart was found to 
be exceedingly resistant to outside influences Ether, given in high 
concentration over long periods, had but little effect, while earlier it 
would rapidly cause the pressure to fall to zero, the death of the animal 
ensuing Perfusion experiments now being carried out on the isolated 
frog heart indicate that a certain tolerance may be acquired If the 
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pei fusion is continued long enough, the heart will recover from a toxic 
concentration of ether, which at fiist produces a marked depression 
Similar obseivations weie made by Kuno w and by Ransom, 10 in the 
perfusion of the fiog hcail with alcohol The blood pressure experi- 
ments mentioned earliei show that the effect of a given amount of ether 
is very much less when the animal is already under the influence of 
ether This, however, may be due to an adaptation of the animal as 
a whole, rather than to a specific influence on the heart There is no 
reason to suppose that the increased tolerance to ether bears any rela- 
tionship to the changes occurring m shock, on the contrary, it is due 
rather to changes brought about by the prolonged administration of 
ether 

Modification of the Effects of Eihn on the emulation by E pm c plain 
— Interesting light is thrown on the problem m the change produced by 
epmephrin on the reactions of the shocked or “sensitive” animal Early 
in the research, it was noted that certain animals which had been 
resuscitated by an injection of this substance into the carotid artery 
after an overdose of ether lost a large part of the sensitiveness to ether 
which they had previously exhibited Further experiments have estab- 
lished the fact that this was due to an influence on some part of the 
circulation, probably the heart In all, fourteen cats were examined for 
the effect of epmephrin on the circulatory depression produced by ether 
In some of these cases, it was given as a restorative measure after an 
excessive dose of ether, in others, injections were made for the purpose 
of comparing the reaction to ether before and after the injection The 
injections were made directly into the circulation in fairly large doses 
(from 0 1 to 1 mg ) The immediate effect was, of course, a prolonged 
increase in blood pressure, followed by a fall, usually to less than the 
original level In a number of instances, ether could be administered 
at this point m high concentration without any effect whatever on the 
blood pressure, whereas, a few moments earlier, before the injection of 
epmephrin, a considerably smaller dose of ether would cause the pressure 
to fall to zero In other cases, the protection was not so complete, but 
m all but one of the animals there was a considerable reduction in the 
ether effect This one exception showed no appreciable change m the 
ether fall The original sensitiveness to ether only gradually returns, 
in most cases the influence of the epmephrin still being apparent an 
hour after its injection This is true both for inhaled ether and for 
ether given by intravenous injection In Experiment 39, the intravenous 
injection of 1 cc of a saturated solution of ether m Ringer’s solution 
caused a drop of 26 mm in the arterial pressure, but, after the mjec- 

39 Kuno Arch internat de pharmacol 77 206, 1914 

40 Ransom, F J Physiol 53 141 (Sept ) 1919 
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tion of 0 3 mg of epinephrin, this amount of ether caused no fall what- 
soever One hour later, there was some return to the sensitive condition, 
the injection of 1 c c of the ether solution resulting in a 9 mm drop 
in pressure The influence of epmephrm on the blood pressure drop, 
caused by inhaled ether in a sensitive dog, is illustrated in Figure 9 
The first record shows the effect of a rather light dose of ether inhaled 
until the eye reflex just disappeared This animal had gradually become 
sensitive to the effects of ether through the course of the experiment, 
this amount of ether having no influence on the blood pressure earlier 
in the day Shortly after this record was obtained, the animal was 



Fig 9 — The influence of epinephrin on the fall in blood pressure produced 
by ether A, before the administration of epinephrin, B, after the animal had 
been resuscitated with a large dose of epinephrin In each case, the inhalation 
of ether was continued to the point where the eye reflex disappeared 

overetherized and had to be resuscitated with a large dose of epinephrin 
injected directly into the carotid artery Following its recovery, the 
animal was very resistant to the effects of ether The second record in 
the illustration was taken nearly two hours later It shows the absence 
of blood pressure influence by the inhalation of ether under the same 
conditions as in the first record, i e, in both cases, the animal was 
anesthetized until the eve reflex could no longer be elicited 

Evidence has alread) been presented indicating that the fall m blood 
pressure produced by ether is largely due to an influence on the heart 
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The fact that epmephrm reduces this eftcct at once suggests that 
it also acts ihiough the heart m an antagonistic manner 1 here are a 
numbei of obsei cations which suppoit this mow In the course of these 
expei iments, animals wcie not infrequently o\ erethen/ed to the extent 
that there was a complete cessation of the hcait beat While they are 
m this condition, a stiong injection of epmephrm directly into the 
aitenes is ahvaj s effective in icstoring the beat, c\en though at that time 
the lieait is undoubtedly sunounded b) fluid containing ether at a toxic 
concentration Gottlieb 41 found that epmephrm exerted a beneficial 
effect m chlorofoim poisoning In a series of expci intents on the per- 
fused isolated hcait of rabbits and cats, Gunn showed that epmephrm 
can antagonize a concentration of chloroform which alone markedly 
enfeebles the heart's contractions In some recent experiments, Ran- 
som n has show'll that, in the isolated frog heart, depressed b\ chloro- 
form, there may be complete restoration by the addition of small 
quantities of epmephrm to the chloroform solution 

Since there is no good eudence that the fall m blood pressure 
resulting from the administration of ether is caused by any effects on 
the peripheral vessels, it is unlikely that the protecting effect of epme- 
phrin can be explained through its effect on the blood vessels Pituitary 
extract, which is practically without influence on the heart, but which 
causes strong contraction of the smooth muscle of the arterioles, is 
absolutely without effect in influencing the blood pressure fall from 
ether If this drop w r ere due to an effect on the peripheral resistance, 
it should be less marked after the administration of pituitary extract 

THE EITECT Or ET1IER ON THE BLOOD VESSELS 

Litci at me — There is no agreement m the conclusions reached by 
different observers as to the influence of anesthetics on the vasomotor 
center, some reporting a dilatation of the blood vessels, and others a 
constriction under ether and chloroform The direct consideration of 
the question is difficult, and many of the conclusions have been reached 
by inference from blood-pressure changes, etc , which probably accounts 
for some of the discrepancies Moreover, the reactions resulting from 
the administration of anesthetics are not uniform and may be dependent 
on a number of factors Since the blood pressure effects of chloroform 
are so marked, much of the earlier work has centered around the action 
of this anesthetic Brief mention of these papers will be included m 
the following short leview of the literature on the action of ether on 
the blood vessels 

41 Gottlieb Arch f exper Path u Pharmakol 38 99, 1897 

42 Gunn Quart J Exper Phjsiol 7 75, 1913 

43 Ransom, F J Pharm and Exper Therap 14 367 (Jan ) 1920 
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Among observers reporting a dilatation of the peripheral vessels 
from the influence of chloroform are Schemesson , 44 from a study of 
the blood vessels m the rabbit ear, the dilatation being attributed to 
a direct action on the vessel walls , Knoll , 14 from direct observations 
on the rabbit ear, and Bowditch and Minot , 45 from blood pressure 
changes in the dog In a series of papers, Embley 40 adduces evidence 
to show that, while the direct effect of chloroform on the vasomotor 
center is stimulative, the net effect on the kidney and intestines is 
dilatation, owing to a local action on the arterial wall Later, Embley 
and Martin 47 published further experiments, confirming the results 
of their earlier work, in which they perfused the isolated organs 
through an artificial heart-lung preparation Pick 17 studied the vas- 
cular action of various poisons by perfusion and plethysmographic 
methods, and found that the employment of both ether and chloroform 
resulted m a dilatation of the vessels of the brain and abdominal organs 
Weber 4S by means of a plethysmograph, measured the arm volume 
of patients, following operation under chloroform and ether anesthe- 
sia, and found evidence of vasodilatation, lasting for several days 
McWilham 18 concludes from his experiments, m which the blood pres- 
sure and heart contractions were simultaneously registered, that, in 
the cat, ether inhalation causes a fall in blood pressure through its 
action on the blood vessels Muns 49 made plethysmographic records 
on the hind leg of dogs under deep ether anesthesia, these showed 
volume changes which were attributed to a vasodilatation Schram, 
Storm van Leeuwen, and van der Made 33 report experiments in which 
they obtained a drop in blood pressure by ether in a concentration which 
other experiments had shown to be without effect on the heart, they 
therefore conclude that the effect was due to an influence on the 
vasomotor center 

Opposed to the foregoing are the conclusions reached by a consider- 
able number of workers Among those finding evidence of a peripheral 
constriction from chloroform are Arloing , 50 from observations of the 
blood flow in the carotid, Diastra , 51 Roy and Sherrington , 52 and 
Hurthle , 53 from measurements of the changes in the brain volume, and 

44 Scheinesson A.bst Centralbl f d med Wissensch 7 506, 1869 

45 Bowditch and Minot Boston M & S J 90 493, 1874 

46 Embley Brit M J 1 817, S85, 951, 1902 

47 Emblev and Martin J Pin siol 27 147, 1905 

48 Weber Med Kim 11 991, 1915 

49 Muns, W E Ann Surg 64 645 (Dec ) 1916 

50 Arloing These, Paris, 1879 

51 Dnstra Les Anaesthetiques, 1SS0 

52 Rov and Sherrington J Plnsiol 11 97, 1SS0 

53 Hurthle Arch f d ges Plnsiol 44 596, 1SS9 
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Newman/’ 1 fiom direct obsenation of the pulmonary capillaries of the 
fiog Gaskell and Shoie r,r, carried out elaborate cxpeninents to deter- 
mine the place of action of chlotofoim in deptessmg the blood pressure 
Two animals weie ananged so that the brain of one was supplied by the 
blood of the other and was therefore isolated from its own heart By 
these experiments, it was shown that, when blood from a chloroformed 
animal w r as allowed to cn culate through the head of the second animal, 
it caused a marked rise in blood picssure, thus demonstrating a direct 
stimulation of the lasoconstnctor center by chloroform At the same 
tune, there w r as a fall of pressure m the first animal due to depression 
of the heart These results w'ere confirmed by the injection of chloro- 
form directly into the carotid aitciy, which also resulted in a rise in 
blood pressuie Sherrington and Sow ton " ,n found that the amount of 
fluid passing through the coronaiy cn dilation of the isolated mammalian 
heart considerabl) diminishes w'hen saline containing chloroform is 
substituted for the saline solution, from which they conclude that chloro- 
form causes constriction of the arterioles Schafer and Scharlieb/ 7 
b} determining the perfusion rate, using Locke’s solution plus chloro- 
form in various concentrations, found that, except in very dilute solu- 
tions, the arterioles were contracted b} chloroform 

The effect of ether on the arterioles was investigated by Kemp/ 8 
from changes produced in the blood pressure and in the kidney volume 
Ether gave an increase in the carotid pressure, along w r ith a decrease 
in the volume of the kidney Chloroform caused a fall in pressure and 
an increase m kidney volume Duplay and Hallion 23 carried out a 
series of experiments on dogs to determine the causes of the variations 
in pressure produced by the inhalation of ether and chloroform Along 
with observations on the heart and blood pressure, they made measure- 
ments of the kidney volume and reached the conclusion that the fall in 
pressure was due to an effect on the heart, and the rise to a stimulation 
of the vasomotor center These anesthetics had a similar action, but 
with ether the heart depression was less and the stimulation of the 
vasomotor center much more intense Likewise, the statement is made 
by Cushny 24 that the first effect is on the heart, which may result m an 
abrupt fall in pressure, but in other instances may be compensated for 
by vasoconstriction from reflex stimulation of the center, so that the 
blood pressure may rise while the heart is slowed The experiments 

54 Newman J Anat & Physiol 14 495, 1879 

55 Gaskell and Shore Brit M J 1893, pp 105, 164, 222 

56 Sherrington and Sowton Report of the Chloroform Committee, London, 

1903 

57 Schafer and Scharlieb Proceedings of the Physiological Society, J 
Physiol 29 17, 1903, Tr Roy Soc , Edinburgh 51-52 311, 1904 

58 Kemp New York M J 70 732, 76 5, 804, 1899 
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of Muehlberg and Kramer 28 show that when ether or chloroform is 
injected into the carotid artery toward the brain, the blood pressure 
rises, presumably from a direct stimulation of the vasoconstrictor center 
Airila 59 has attempted to determine the place of action on the circula- 
tion of ether and chloroform, through simultaneous measurements of 
the blood pressure and of the blood flow from the heart and m the 
peripheral vessels, by means of a stromuhr It was found that the 
administration of either ether or chloroform resulted m vasoconstriction, 
except m very high concentration, in which case there was loss of vas- 
cular tone At the same time, there was a depression of the heart, 
especially under chloroform anesthesia Pilcher and Sollmann 00 have 
made a series of studies on the action of various drugs on the vaso- 
motor center as inferred from the rate of perfusion of fluid through 
the vessels of the spleen and kidney Ether was administered either 
through a tracheal cannula or by the injection of a saturated solution 
of ether in physiologic solution of sodium chlorid The conclusion 
was reached that, given to the point of deep anesthesia, ether may stimu- 
late the vasomotor center or be without action When stimulation 
occurred, it was attributed to an indirect action secondary to a respira- 
tory or circulatory depression In a study of the capillaries of the cat 
ear, Hooker 81 has observed that, following death from ether, there is 
a marked constriction of the vessels, followed later by dilatation This 
constriction, however, is attributed to the effect of asphyxia 

In the clinical literature, the statement is frequently made that ether 
causes a dilatation of the blood vessels This general belief appears to 
be based on the observation that in the early stages of anesthesia there 
is an extensive flushing of the skin surfaces The cause of the dilata- 
tion of the skin vessels is not evident, but it may be associated with 
a constriction of the arterioles of the internal organs and consequent 
increase in pressure There is some evidence indicating that constriction 
occurs less readily in the superficial vessels Dixon 82 has found, for 
alcohol, that there is a rapid dilatation of the skm vessels and at the 
same time a constriction of the vessels of the muscle tissue, and, to 
a less marked degree, of the splanchnic area Moreover, as has been 
shown by Dastre and Morat , 83 in ordinary asphyxia, the blood vessels 
of the ear, face and extremities dilate, while those of the viscera con- 
tract, the increase m pressure resulting from a predominance of vaso- 
constriction in the visceral area over dilatation of the superficial -vessels 

59 Airila Shand Arch Plnsiol 40 241, 1920 

60 Pilcher and Sollmann J Pharm and Exper Therap 6 401, 1915 

61 Hooker Am T Plnsiol 54 30 (Nov ) 1920 

62 Dixon J Plnsiol 35 346, 1907 

63 Dastre and Morat Recherches sur le svsteme nerveux vasomotor, Paris, 
G Neasson, 1S84 
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In an eflort to throw fuilher light on the causes of pressure varia- 
tions occurring dui mg the administration of ether, obsenations were 
made on the condition of arterial tone simultaneously with the taking 
of blood piessure lecords 11ns was done mainly by measurements 
of the leg \olume by means of a plethysmograph, and by observations on 
the perfusion rate of fluids through the arteries of the legs Further 
information is obtained by observation of the effects of the direct injec- 
tion of ether solutions into the -veins and arteries, and also by an 
examination of the blood pressure curves m conjunction with the effects 
on the heart 

E\pn nnenis on Leg Volume — In the investigation of the effect of 
ether on the tone of the artenoles, a number of observations were made 
on the leg volume, as indicated b} the plethysmograph The very simple 
form of apparatus described by Dale and Richards 0i was employed 
This consisted of a glass cylinder about 5 cm m diameter, over one 
end of which was tied a rubber dam , a circular hole in this rubber 
permitted the insertion of the leg of the animal and made a tight 
joint, which was further scaled with petrolatum The other end of 
the glass cylinder was connected through rubber tubing to a volume 
recorder Changes in leg volume were transmitted by means of water, 
with which the whole system was filled Simultaneous blood pressure 
and leg volume records were registered on the kymograph With the 
exception of the addition of the plethysmograph and recorder, the 
general ariangement of apparatus was the same as that already described 
for obtaining blood pressure records, and the method of ether admin- 
istration was exactly the same The experiments were all performed 
on cats under ether anesthesia 

By this method, leg volume determinations were made on eight 
animals, of these determinations, two were unsuccessful on account 
of difficulties in technic, and the remaining five uniformly showed a 
decrease in leg volume as often as the ether was administered The 
method is not well adapted for the determination of vascular changes 
produced by ether, on account of the accompanying fall in blood pressure 
and the resulting decrease m leg volume Undoubtedly, this factor 
accounts for part of the volume change recorded, but an analysis of 
the tracings indicates that there is, in addition, an active vasoconstric- 
tion Figure 10 shows records taken from Experiment 59 c In the 
first tracing, the plethysmograph record shows a decrease m the leg 
volume along with the fall in arterial pressure, but this decrease is 
maintained during the recovery of the pressure while ether is still being 
administered, and, therefore, cannot be accounted for by a passive col- 
lapse of the blood vessels, but rather must be due to an active constric- 


64 Dale and Richards J Physiol 52 110 (July) 1918 
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tion In another experiment, tracings from which are illustrated m 
Figure 11, an animal was used which gave practically no fall in blood 
pressure, but which, nevertheless, showed the usual decrease m leg 
volume It is quite unusual to find an animal which shows so little 
change in the blood pressure from the inhalation of ether, but since 
such animals show the usual heart depression and the vasoconstrictor 
effects from ether, it seems probable that these two factors are so 
balanced that the blood pressure remains constant The second tracing 
shows the disappearance of the effect on the leg volume after cutting 
the sciatic and crural nerves to the leg, indicating that the vasocon- 



Fig 10 — The effect of ether on the leg volume of an animal A, before 
shock, B, during shock Top record, blood pressure with mercurj manometer, 
middle record, leg volume, a rise indicating a decrease m volume, lower record, 
zero blood pressure, with signal marks to indicate the duration of ether inhalation 

striction results from a central influence rather than from a direct effect 
on the walls of the blood vessels After these records were obtained, 
the plethysmograph was shifted to the opposite leg and the procedure 
repeated with exactly the same result, ether no longer causing a reduc- 
tion in the leg volume after the nerve supply was cut 

From these experiments it ma\ be concluded that the administration 
of ether, as m ordinary anesthesia results in a constriction of the periph- 
eral vessels which is mediated through the \asomotor ner\es How 
much of this effect is due to reflex stimulation of the center through 
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the loweied blood picssuie, and how much to a direct stimulation of 
the centex by ether, remains a question Experiments to be described 
later indicate that both factois may enter into the result That ether 
has no impoitant direct vasoconsti ictor action m the concentration pres- 
ent in the blood duung surgical anesthesia in the normal animal is 
indicated by the leg lolume expei iments described above If any part 
of this \asoconstriction was due to a direct action on the walls of the 
blood vessels, the effect should persist after nerve section The fact 
that there is no dilatation in these experiments cannot be taken as 
proof that ether does not have a direct lasodilator effect, for these 



Fig 11 — The effect of ether on the leg volume A, m intact animal, B, 
after cutting all the nerves to the leg Upper record, blood pressure with 
mercury manometer, middle record, leg volume, a rise m the curve indicating 
a decrease in leg volume, lower record, 7ero blood pressure, showing periods 
of ether inhalation 

observations were made within a short period after cutting the nerves 
As has been pointed out by Dale and Richards , 04 it is important to 
take into consideration the almost maximum vasodilatation which occurs 
m the vessels of the leg immediately after its nerves are cut, any further 
dilatation being impossible 

The demonstration, by the plethysmograph and by perfusion experi- 
ments described below, that there is actually vasoconstriction m the 
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hind legs under ether anesthesia in the intact animal shows, however, 
that if there is any direct relaxing effect on the walls of the blood 
vessels, it is very slight and not sufficient to overcome the constrictor 
effect produced by the increased tone of the vasomotor center E\en 
under deep anesthesia, the vasomotor reflexes, as demonstrated by the 
asphyxial rise in blood pressure, are still functioning 

Experiments on Perfusion Rate — In an attempt to obtain further 
evidence on the condition of arterial tone in ether anesthesia, perfusion 
experiments were carried out The method used was a modification 
of that described by Bartlett 65 The perfusion fluid was injected through 
a buret, which was connected directly with the artery by means of a 
wash-out cannula A side tube on the buret, connected with a bottle 
of Ringer’s solution, served to refill the buret to the original level 
after each injection The liquid m the buret was subjected to a constant 
pressure of 120 mm of mercury, which was obtained by means of a 
rubber atomizer bulb connected through a 4 liter bottle This bottle, 
which served as a pressure tank, was sufficiently large, so that the loss 
of a few cubic centimeters of fluid from the buret during the perfusion 
resulted in no appreciable change m pressure These experiments were 
all performed on cats, decerebrated or under light ether anesthesia 
Perfusion was always done through the femoral artery The inflow 
cannula was placed in a side branch of the artery, or, which amounted 
to the same thing, low down on the mam branch directed toward the 
heart When a determination of the rate of inflow was to be made, 
a clip was momentarily placed high up on the mam trunk, so that all 
the fluid had to pass through the capillary bed of the leg A second 
clip, immediately in front of the cannula, was then removed, which 
allowed the perfusion fluid, usually from 2 to 3 c c , to pass into the 
vessels, the time being recorded with a stop watch Immediately after 
the observation the upper clip was removed, thus allowing the part to 
receive its natural blood supply Ether was administered by inhalation 
in the usual manner 

Before the ether was given, a number of determinations of perfusion 
rate were made in order to obtain the normal rate for the particular 
preparation Ether was then given and the observations were continued, 
usually at intervals of about one minute as the animal became more 
deeply anesthetized If etherization was pushed to an extreme, so that 
the second fall in pressure occurred, there was a sudden increase in 
perfusion rate, which was greater than that at the start The constric- 
tion resulting from ether is well marked , for example, in one experiment 
on a decerebrated cat, the average perfusion time was three and one- 
tenth seconds for each cubic centimeter of fluid This increased to ten 
and one-tenth seconds during the development of anesthesia, and gradu- 


65 Bartlett J Exper M 15 414, 1912 



70 


ARCII IV hS OF SURGERY 


ally dropped back to the original rate after the ether was removed A 
number of lepresentativc charts taken from these experiments are shown 
m Figures 12, 13 and 14 The fifth experiment was negative as far 
as any eliect of ether on the perfusion rate was concerned, although 
the vasomotor centei was active, as indicated by the rise in blood pres- 
suie resulting from asphjxia Too much reliance, however, should 
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Fig 12 — The effect of the inhalation of ether on the perfusion time of a 
fluid through the vessels m the hind leg of a cat The horizontal line below 
the graph show s the period during which ether was administered 
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Fig 13 — Same as Figure 12, the effect of ether on the perfusion time m 
two other animals 

not be placed on negative results, as the method involves considerable 
possibility of injuring the nerve supply to the leg through disturbance 
of the circulation On the other hand, a decrease m perfusion rate 
during the administration of ether gives positive evidence of vasocon- 
striction Two other animals failed to show any evidence of constriction 
under ether (Fig 17) , but they also failed to show the usual recovery 
m blood pressure after the primary fall, and did not show an asphyxia! 
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rise in blood pressure, thus giving the type of reaction found m shock 
These experiments will be referred to later, m considering the condi- 
tion of the vasomotor center in shock The last two experiments of 
the series both showed a characteristic and well-marked constriction 
The Effect of Ether Introduced Directly into the Circulation — If 
the effect of ether on the heart is one of depression, and the effect on 
the vasomotor center one of stimulation, it should be possible to get 



administration of ether The horizontal lines below the graph show the period 
during which ether w r as inhaled 

different effects on the blood pressure, depending on whether ether is 
injected into a vein, or into an artery toward the head As previous]} 
mentioned, such methods have been used by other workers to obtain 
evidence on the place of action of anesthetics In the course of the 
present imestigation a number of such observations have been made, 
the injections of ether toward the heart being made through a cannula 
in the femoral vein and those toward the vasomotor center through 
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a cannula in the carotid artery The most convenient method for intro- 
ducing; the ether was b> means of a saturated solution m physiologic 
solution of sodium chlond (approximately an 8 per cent solution at 
room temperature), which could be diluted to any desired strength 
The results from such injections show a definite and uniform differ- 
ence Figure 15 presents two examples of the different effects obtained 



Fig 15 — Records from two animals, for a comparison of the effect of 
injecting ether into the veins and into the arteries In both records, the first 
pressure change is due to the injection of 05 cc of a saturated solution of 
ether in physiologic solution of sodium chlond into the femoral vein toward 
the heart, while the second pressure change is due to a similar injection into 
the carotid artery toward the head 

from the arterial and from the venous injection of ether, taken from two 
different animals In each case, the first injection was made through the 
femoral vein, and the second into the carotid artery toward the brain 
The effect of the arterial injection of the ether solution is an immediate 
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rise in blood pressuie which in some cases is quite prolonged Later 
there may be a temporary fall beloev the original level, which is presum- 
ably caused by an effect on the heart This is shown in the second recoicl 
of Figure 15 Physiologic solution of sodium chlorid containing no 
ether is absolutely without effect in such small amounts, but even until 
very dilute ether solutions, comparable to the concentrations found m 
the blood of anesthetized animals, there may be a considerable stimula- 
tion of the center, as indicated by the rise m blood pressure Exactly 



Fig 16 — The effect of a first injection of 1 cc of a saturated solution of 
ether m physiologic solution of sodium chlorid into the femoral \ein ol a cat 
Top record blood pressure with mercurx manometer, bottom record zero blood 
pressure 


the opposite effect is obtained fiom 1 he injection of the ether solution* 
into the femoral \em Here the heart is reached first and the eflect 
is a definite though transitory drop m blood pressure This niae be 
followed be a gradual rise in pressure considerable aboee the original 
lee el sometimes lasting for ten minutes or more The first ether injec- 
tion in a freshle prepaied animal practiealle aleeaes induces such a ri-e 
following the pnmare fall (in teeelee out of thirteen 'mimal*) bu* 
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i<itci tins docs not ocelli \ ti .icing lllustiutiug ■! tvpical example oi 
this effect is shown m login c 10 Since the injection ol ethei dnectly 
ton aid the biam causes u use in blood pie^snic, it seems piobable 
that this lneieasc in picssuie following the pnmaiy chop is also due 
to ail influence of ethei on the v.isoconstiutoi lentci 

Deductions fiom Blood Ficsuuc Chanqi s — 1 he form of the blood 
pi cssuie cuivc icsultmg fiom the .tdmmisii.Uion of ethei in the normal 
animal <it once suggests th.it pail of the cltcct is due to an influence 
on the vasomotor center \ tvpical icioid. as given in Figme 1, shows, 
alter the pnmaiy drop, <i lccoveiv ol the blood pressure, which takes 
p'ttce while the anestheti/ation ot the anun.il is becoming deeper 
IcMclence has aheady been given th.it dm mg this time theie is a con- 
tinuous weakening ol the beau action, which would tend progressively 
to low'ci the blood prcssuie If this is true the onh assumption that 
will account for the lecovet} of the blood pressme dining the inhala- 
tion of ethei is an mcicascd penpheial constnction This, moreover, 
is a logical consequence of the drop m picsstnc resulting fiom a lessened 
he«u t output, quite apart fiom am direct stimulation of the vasomotor 
center That the noimal vasomotoi icflexes are present even in deep 
anesthesia has been shown b) Bow ditch and Minot 4 ' and by Schemes- 
son " While no special experiments have been made on the subject, 
it has been repeatedly obsened in the emuse of this iesearch that 
animals under deep anesthesia exhibit the usual vasomotor responses 
This is fuither suppoilcd by the results of ethei administration m 
shock, when it is found that in annuals which do not exhibit vasomotor 
reactions there is also an absence of lecoveiy of blood pressure 

1 he Effect of Ethei on (he Pciiphnol Tom in the Shocked Annual 
— The changes occurring fiom the eiiect of ether on the blood vessels 
and vasomotor system in shock can be discussed to bettei advantage 
aftei a consideration of the causes leading up to these changes Here 
it will be sufficient to lecoid only the expeumental data obtained fiom 
the adnnnisti ation of ethei m shock It may be stated, howevei, that 
all the evidence indicates that the changes obseived aie leferable to 
an abnoimal condition of the vasomotoi centei , eithei an aheady exist- 
ing jnaximum constriction of the blood vessels oi a depiession of the 
centei 

The change which occuis m the blood piessuie cmve fiom the 
administration of ethei in the shocked oi “sensitive” animal has already 
been descnbed It is lllustiatecl m the tiaemgs shown in Figuie 2 
The fact that the primal y fall is no longei followed by recoveiy sug- 
gests that the normal functioning of the vasomotoi centei has been 
impaned and that there is no compensation foi the deci eased activity 
of the beat l, the pressure continuing to fall as the anesthesia deepens 
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The extreme alterations m pressure produced by ether make the 
measurement of vascular changes very difficult Plethysmograph records 
are unsatisfactory on account of the shrinking of leg volume resulting 
from the decreased pressure, making it practically impossible to judge 
whether constriction still occurs In only one out of a number ot 
experiments was it possible to get evidence on this point Records 
from this case are shown m Figure 10 The first tracing shows the 
blood pressure and leg volume changes resulting from the administration 
of ether at the beginning of the experiment, and the second tracing, 
obtained under exactly similar conditions, shows the change produced 
after the development of shock Here, after the animal has become 
sensitive to the ether, there is no indication of constriction, indeed, 
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Fig 17 — The absence of an effect, from ether, on the perfusion time in 
animals m a condition of shock The horizontal lines below the graphs show the 
period during which ether was administered Compare with Figures 12, 13 
and 14 

there is probably some dilatation, since there is no decrease m leg 
volume associated with the vert considerable drop m arterial pressure 
A number of observations on this cat gate similar results 

Ewdence obtained fiom perfusion of the hind legs in shocked animals 
has already been given In these experiments, three cats gat e no indi- 
cation of a t asoconstnction during the administration of ether Ttto of 
these animals showed a definite sensitititt to ether and failed to shott 
ant rise in blood pressure under asphtxia Charts from these experi- 
ments are shott n in Figure 17 Negatne results of this nature miM 
be accepted ttith caution Tliet are netertheless recorded here a*- i 
further indication of the difference between the normal and the shocked 
animal 
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Theie is a close comparison between the extent of the drop caused 
m the blood pressure ctuve bj ether and the rise in blood pressure 
brought about by asphyxia the animals giving the greatest pressor 
lesponse to asphyxia show the greatest resistance to ether In an 
animal going into shock, these icciprocal changes occur simultaneously 
Similarly, the rise m piessure caused by ether injected directly toward 
the bram is greater in the noimal animal It is from such observations 
as these that the mam evidence must be obtained regarding the condi- 
tion of the vasomotor centet in the animal sensitive to ether They 
will be discussed in gt eater detail after a consideration of the causes 
leading up to this ether “sensitiveness ” 

THE CVLSE AND DL\ I.LOl’MCNT Or THE INCRESSED 
SENSITIVENESS TO ETHER IN SHOCK 

An examination of the different ways of inducing in an animal the 
condition in which ether so markedly affects the blood pressure throws 
further light on the probable cause of the condition It is ahvays 
associated with shock, and is gradually developed under any circum- 
stances that depress the general bodily condition of the animal, especially 
low r blood pressure Severe operation, hemorrhage, the injection of 
acid into the circulation, all cause a marked increase m the ether effect , 
and these various agencies depress the circulation, ajipearmg to do so 
by an effect on the vasomotor center or peripheral mechanism rather 
than on the heart Experimental evidence has already been presented 
which indicates that the fall in blood pressure resulting from ether is 
brought about through an effect on the heart, and that this is normally 
compensated for, to a considerable extent, by a peripheral constriction 
mediated through the vasomotor system In shock, this mechanism 
appears to be no longer functioning, with the result that ether causes 
a continuous drop in pressure as the depth of anesthesia is increased 
The question arises as to what change has occurred in the circulatory 
control which m the normal animal prevents the drop m blood pressure 
Two possible explanations suggest themselves There is some evidence 
that the low blood pressure accompanying shock results in a depression 
of the vasomotor center so that it no longer reacts m the normal manner 
to a fall in pressure or other stimulus Secondly, there is the possibility 
that in this condition of ether sensitivity there already exists a maximum 
contraction of the arterioles, so that there is no possibility of a further 
increase m the peripheral resistance to compensate for the lessened 
output of the heart 

production of Ethei Sensitiveness by a Reduced Blood Picssme 
One of the simplest methods of producing shock and the associated 
ether sensitiveness is to interfere with the circulation so as to produce 
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a low blood pressure for a period of an hour or more In these experi- 
ments, the routine method of bringing about the increased ether effect 
was that described m an earlier paper of this series, 13 in which there 
was an arrangement for increasing the mtrapericardial pressure and thus 
preventing the normal return of the blood to the heart Under artificial 
respiration, the thorax is entered between the ribs on one side at the 
level of the sternum, a small slit is cut in the pericardium and a glass 
cannula is tied in place The thorax is now closed and the animal is 
allowed to breathe naturally A small reservoir is connected with the 
cannula by means of rubber tubing and filled with physiologic solution 
of sodium chlorid or with 6 per cent gum acacia in this solution By 
raising or lowering the reservoir, the heart can be subjected to varying 
pressures, and any desired arterial level can be produced and maintained 
In a few experiments, the arterial pressure was regulated by com- 
pression of the heart by a clamp applied to the chest This method 
gives similar results, but is inferior in that it interferes somewhat with 
the respiratory movements 

The reduction of the blood pressure by these means to 60 mm of 
mercury for one hour is practically always sufficient to cause a marked 
increase in the effects of ether on the pressure In a very few cases, there 
was no such result, the reaction remaining much as it was before the 
pressure was reduced Successive hours of this treatment served to 
increase still further the drop in pressure caused by ether An example, 
taken from one of the earliest experiments carried out at Dijon, is shown 
m Figure 18 In this case, ether was administered by simply con- 
necting the ether bottle with the tracheal cannula in a cat and allowing 
the animal to breathe through it until the eye reflex could no longer 
be elicited Before a test for the effect of ether was made, all pressure 
was removed from the heart and the blood pressure was allowed to 
rise Recovery was not usually complete, but depended on the length 
of time the pressure had been reduced 

Production of Ethci Sensitiveness by the Injection of Acid into the 
Circulation — There are a few observations indicating that the simple 
injection of acid into the circulation will produce in an animal a condi- 
tion in which the administration of ether results in a fall of blood 
pressure In the course of a study made by the members of the Medical 
Research Committee of England to determine the influence of acidosis 
in the production of shock, it was noted that, after the injection of acid 
into the circulation of cats, they became exceedmgh susceptible to the 
influence of anesthetics 25 A few incidental observations made in the 
course of the present research confirm the findings of the British com- 
mittee That such treatment should affect the normal action of the 
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Fig 18 The development of ether sensitiveness from low blood pressure \rrows mark the beginning of ether inhalation, 
which in each case was continued until the eye reflex just disappeared 1, before reducing the blood pressure to 60 mm ot 
mercury, 2, after one hour of low pressure, 3, after two hours of low pressure 
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vasomotor center is not surprising The increased hydrogen ion con- 
centration would strongly stimulate the medullary centers, 66 causing a 
constriction of the peripheral vessels Under these circumstances, it is 
to be expected that the delicate mechanism by which the vasomotor 
center normally responds to a fall m pressure would no longer be opera- 
tive There would thus exist a condition which, through the action of 
ether on the heart, would result in the continued fall m blood pressure 



1 ig 19 — 1, the effect of ether before hemorrhage, 2, after hemorrhage 
In the first record, the administration of ether was continued for two minutes 
while in the second record it was administered for onl\ one minute 

P>od net ion of Ethci Scnsitn cucss by Hcmoi thage — Another method 
by which increased censitneness to ether mat, be produced is bleeding 
In a typical case if the animal is bled from 15 to 20 per cent of its 
total blood volume, there will be a reco\er\ from the resulting drop 
of blood pressure within a few moments Ether administered at this 
time will produce a marked drop m blood pressure smul ir to that 
produced m shock while before the bleeding no such drop resulted or 


66 Mathesson 1 Plnsiol 42 283 1911 
/ 
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only a liansitoiy one Such an effect is shown in Figure 19 Under 
these uicumslanccs, there must ahead) be present at the time of the 
administration of cthei, as show n by the recovery of the blood pressure 
following the hemorrhage, a stiong penpher.il constriction, and it is 
clear that, m this condition, there is less opportunity for a further 
iefle\ consti ictton to compensate foi the reduced cardiac output, 
consequently, the cthei eft cct show's itself m a greatly increased fall of 
aitciial piessuic 

Results such as these are the rule, but occasionally animals are 
encounteied wdnch show absolute!) no increased sensitiveness to ether 



Fig 20 — The effect of hemorrhage on the ether effect in an animal in which 
the pressure remained low after the removal of 22 c c of blood (weight of 
cat, 3 25 kg ) Signal marks on base line (7ero blood pressure) show duration 
of ether inhalation, which was for two and one-half minutes in each case 

after even a severe hemorrhage In Figure 20, a tracing is shown from 
an experiment in which ether caused an actual increase of pressure 
when administered after bleeding Two other animals gave results 
similar to the one shown in the illustration In these animals, there 
was no reaction to the hemorrhage , that is, the pressure remained at 
the reduced level, perhaps indicating that there was no vasoconstriction 
This gives a clue to a possible explanation It is conceivable that, 
although the center did not respond naturally to the reduced pressure, 
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the ether in the blood was able to stimulate the center duectly and that 
this caused a peripheral constriction, which, at this low level of blood 
pressure, was more than sufficient to compensate for the effect on the 
heart, with the result that the blood pressure was increased 

Pioduction of Ethei Sensitiveness by Othci Causes — As stated 
previously, there may be a gradual increase of the ether effect in animals 
which have not been specially treated to produce shock This occurs 
after severe operations, such as decerebration and chest operations, and 
after long experimental procedures m which the animal has been 
kept under an anesthetic for several hours It seems that any circum- 
stances which tend to depress the general bodily condition of the animal 
cause, at the same time, this changed reaction toward ether Undoubtedly, 
such conditions cause a certain amount of circulatory derangement in 
the direction of shock, and the vasomotor reactions become impaired 
In general, a very close inverse relation exists between the rise m blood 
pressure resulting from asphyxia and the fall occurring from ether, 
the greater effect of ether being associated with a depression of the 
vasomotor reactions This is true no matter by what method shock is 
produced, and, in animals which show absolutely no asphyxial rise, the 
effects of ether are always extreme Occasionally, animals are found 
which exhibit a sensitiveness to ether from the very beginning of the 
experiment, but almost invariably such animals are in poor condition 
and have a low blood pressure 


COM MCNT 

The evidence presented in the preceding pages supports the supposi- 
tion that the drop in pressure produced in the shocked animal is due to 
some disturbance of the vasomotor system Since the causes of shock 
are not well understood and there is no agreement among the plnsiol- 
ogists regarding the condition of the medullary centers in this condi- 
tion, it is not possible to define, with any degree of certainty, the cause 
of the changed reaction to ether occurring during the development of 
shock Determinations of the alkaline reser\e made in this laboratory 13 
indicate that the reduction of the blood pressure below 70 mm of 
mercury by means of intrapericardial pressure is sufficient to result m 
an inadequate oxygen supply to the tissues , and it is probable that this 
is followed by a depression of the nene centers That this is true 
for the vasomotor system is indicated b\ the fact that the longer the 
piessure is kept at such a low le\el the less pronounced the reco\er\ 
wall be after removal of the pressure on the heart Morcoier animals 
which ha\e been treated in this way show no or \en little response 
to a spin xia But this cannot be the whole explanation The forced 
reduction of the blood pressure would undoubtedh call forth a reflex or 
asplnxnl stimulation of the peripheral \esse1s which would probabh 
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be maximum Indeed, it has been shown by Erlanger, Gcsell and 
Gasser, 1,7 in perfusion experiments, that there is such a constriction in 
the similar condition hi ought about by occlusion of the vena ca\a Both 
faclois might be of importance, a depression of the vasomotor center 
possibly resulting fiom the continued stimulation and from oxjgen 
deficiency, while at the same time the lone of the center would be 
maximum foi its condition at any moment With prolonged 1ow t 
pressure, the center would final!) become unresponsne and the original 
constriction w'ouid give wa\ to dilatation 'ibis, m fact, was the case 
in Erlangcr’s experiments with occluded aorta, and in experiments 
cai ned out m this laboratory with muscle injun shock ,s 

This increase of the cfiect of ether in shock does not applj to ether 
injected directly into the cu dilation in small amounts, but is true only 
for the inhalation experiments, when a general anesthesia is produced 
Numerous observations have failed to show an) considerable increase 
of the diop in aiterial pressure hi ought about b\ the injection of small 
amounts of ethei dissohed in plnsiologic solution of sodium chlorid. 
even wdien the animal has become markedl) sensitixe to the effects of 
inhaled ether In the light of the expci iments showing that the drop 
is due to an effect on the heart, and in consideiation of the \erv small 
transitor) cfiect produced In such small injections this result is to be 
expected When the ether is injected into a \ein it reaches the heart 
m a 1 datively high concentration, which is sufficient to cause a drop m 
pressute, but this effect does not last moic than a few seconds and 
there is an almost immediate iccoven, without the possibihh of bring- 
ing a compensatory vasoconstriction into action If the blood pressure 
curve from injected ether in the normal animal is not modified by 
\asomolor influences, theie is no leason wh) the ethei effect should be 
modified by any change in the \asomotor center oi jieripheial vessels 
occurring m shock 

In a series of experiments ,ls on the pei fusion rate of fluid through 
the vessels of the hind leg of the cat during the de\elopment of muscle 
injury shock, it w^as found that, as the blood pressuie fell, theie v/as 
a gradually inci easing conslnction of the peripheral vessels, and there 
are in the hteratuie many observations indicating that the centers, at 
least dm mg the eatly stages of shock, are not depressed oS On this 
basis, it must be assumed that the increased effect of ether in shock is a 
consequence of the strong vasculai contraction wdnch exists in this 
condition, preventing the normal compensation for the depression of the 
heart, rather than of a similar condition showing itself from a paralysis 

67 Erlanger, I , Gesell, R, and Gasser, H S A.m J Physiol 49 90 (June) 
1919 

68 Cattell Science, 55 434, 1922 
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of the center A depression of the center, however, probably ultimately 
results as a secondary effect of the prolonged low blood pressure Thus, 
either of these two changes m the condition of the center may pla) a 
part in the result But m the piesent consideration of the cause of the 
changed effects of ether in shock it is perhaps better, with such e\ idence 
as we have at hand, not to attempt to define too closely the exact change 
which has occurred in the center All the evidence indicates that there 
is some disturbance of the delicately balanced arrangement for the 
control of the vascular tone Whether stimulation or depression of the 
center is concerned in this change, the effect is one which destroys the 
normal reactions to a decreased pressure 

There is another factor which may be a contributory cause m the 
fall m blood pressure resulting from the administration of ether m the 
shocked animal The literature on the direct action of ether on the 
blood vessels gives no conclusne evidence that there is or that there is 
not an effect on peripheral tone If ether causes relaxation of the 
musculature of the blood vessels, as might be expected from its depress- 
ive action on heart muscle, etc , it certainly does not show itself m the 
intact animal But if, in the condition of shock, there is a depression 
of the vasomotor center, it is conceivable that such a direct dilating 
action might make itself felt, and thus contribute toward the fall in 
pressure 

In discussing the effects of ether in shock, it has been assumed that 
the depressive action of this substance on the heart is sufficient to 
account for the fall in pressure, but no evidence has been adduced to 
indicate whether or not there is a direct depressant action on the vaso- 
motor center in this condition In the normal animal, all the evidence 
indicates that there is no depressive action on any part of the vasomotor 
system or blood vessels The rise in blood pressure associated with a 
depression of the heart shows that there is stimulation of these parts 
of the circulatory system The removal of this compensatory factor 
for the decreased heart output in shock seems sufficient to account for 
the greatei fall in pressure resulting from ether anesthesia in this 
condition Nevertheless, it is not inconceivable that, while m the normal 
animal ether results m a reflex stimulation of the center, in the shocked 
animal and after hemorrhage, when the center is already m a condition 
ot maximum tone, it results in a gradual depression of the center, from 
its naicotic action 

SUMMARY \ND CONCLUSIONS 

1 In the normal animal, the inhalation of strong ether results in a 
sudden diop m the arterial pressure, which is quite temporary \s 
the anesthesia deepens, the pressure gradualh recor ers until b\ the 
time the ere reflex has disappeared it mar hare returned to its original 
le\ el 
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2 In the shocked animal, theie is no icunciy of the blood pressuie 
aflet tiie puni,u\ fail and the picssurc continues to fail to zero e\en 
befoie the etc lcficx disappcais 

3 Nitious o\id and oxygen in (lie most favoiabie proportions, 
can be admimstcied to the shocked animal without causing more than 
a slight dtop m blood piessuie 

4 Obsenations on the heat l volume of intact cats, and on the con- 
liuctions of the isol.ited cold-blooded heai t, together with deductions 
fiom blood piessuie lccoids show that the admmistiation of ether 
fiom its \ciy beginning, icsults m a dcpicssion of the heart and a 
decieasc m its output, which is sufficient to account for the fall in 
piessuie in both the normal and the shocked animals 

5 '1 he injection of huge doses of epmephtm intravenously in 
shocked animals usuallx icsults in the disappearance of the sensttneness 
to ethet foi a period of an horn oi more Eudence is cited indicating 
that this iv, due to an antagonistic action of the ethet on the heart 
Pitmtan extract docs not influence the pressuie drop produced by 
ctliei in the shocked animal 

6 Determinations of leg \oltimc with <i picthysmogrnph, pei fusion 
late measurements, and icsults obtained b\ the injection of ether 
directh into the cu dilation, together with the form of the blood 
piessuie cunes, indicate that ether causes a contraction of the peripheral 
vessels This constuclion maj be caused b) (a) a direct stimulation 
of the vasomotoi ccntei and (b) a lefiex to the fall in pressure lesult- 
mg fiom a depression of the heart 

7 In the blood piessuie cunes iesulting fiom the administration 
of ethei m the noimal animal, the pnmai) drop is probably due to an 
influence on the heat l, and the subsequent lecovery of the blood 
pressure, to a compensatoiy vasoconstriction 

8 In the shocked animal, no ewdence of a vasoconstriction pro- 
duced by ether w'as obtained, and piessoi efiects from asphyxia or 
sensoiy nerve stimulation become less oi are entirely absent 

9 The condition of ethei sensitiveness is brought about by any 
circumstances which tend to depress the geneial condition of the animal, 
such as low r blood pressuie, hemorrhage, severe opeiations or the injec- 
tion of acid into the circulation 

10 The cause of the gi eater depressing influence of ethei on the 
blood pressuie in shock appears to be due to a disturbance of the 
vasomotor system The usual compensatory constriction no longer 
occurs to offset the decreased output of the heart, and the pressuie 
continues to fall This might be due to a depression of the vasomotor 
center or to an alread) existing maximum tone of the center so that 
there could be no compensation 
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Much has been written dui mg the last ten years on the roentgen-ray 
examination of the appendix The views expressed by the various 
writers m this time, excluding a certain amount of overenthusiasm, 
have differed only in minor details and m the exact dependence to 
be placed on some of the observations made concerning pathologic 
conditions of this structure and of the surrounding organs The value 
of the roentgenologic examination m connection with appendicitis may 
be discussed under the following heads (1) congenital anomalies m 
position, (2) data obtainable from observation of the visualized 
appendix, (3) abnormal appearances in other structures suggesting 
appendiceal origin when the appendix is not visualized, (4) the finding 
of some other condition than appendicitis to account for the sympto- 
matology, (5) the finding of some other condition accompanying 
appendicitis and requiring further surgical exploration, and the exclu- 
sion of any other surgical condition than a diseased appendix thereby 
avoiding further exploration 

VALUE Or ROENTGENOLOGIC EXAMINATION IN CONNECTION 
WITH APPENDICITIS 

Practically all that can be said on this subject is a consideration of 
the possibilities of detecting a chronically diseased appendix or the 
lesults of previous inflammatoi y disease b) means of a roentgen-ray 
examination In only rare instances is it necessary or wise to submit 
a case of acute appendicitis to a roentgenologic gastro-intestinal stud} , 
and ceitainly nexer is it necessar) v hen a correct diagnosis has been 
made 

1 The onlx congenital anomalies xx Inch need consideration are 
transposition of wscera in v Inch case the cecum and the appendix 
if wsuahzed an ill be found on the left side, and failure of complete 
lotation of the cecum, -when the demonstration of the anomalous posi- 
tions of the bowel max be of help in diagnosis and of assistance to 
the suigeon at operation 

2 Much xaluable data max he obtained xxhen the appendix i* 
\isuali7ed Unfortunately this does not occur in exerx instance in 
\x Inch a gastro-intestinal studx is made The exact proportion xanc= 
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considciably with diftcicnt obscivcis Visit, ih/ation depends on the 
patent.) of the lumen (o the barium 01 bismuth taken with the opaque 
meal It seldom ocuii s dm mg an opaque enema At first, \ lsuah/ation 
was legal ded as evidence of disease, but this new was soon discarded 
Conversely, the lack of filling of tire appendix has been regarded as 
the lcsult of obliteration of the lumen tluough disease Naturally 
such obhteiation preients filling, but it is not to be expected that every 
normal appendix will fill with contents of the cecum at all times Our 
dependence on observation of the visualized appendix lumen must be 
limited to a ceitam propoition of cases The stud) of the usuahzed 
slrucluie must be mainlv fiuoioscopie, although plates must be made, 
but W’hen the) arc, it must be done undei fluoroscopic control, as the 
shadow' is so frcquentl) hidden In othci portions of the barium filled 
bowel 1 he diagnosis of disease is based on main appearances Adhe- 
sions to the cecum, pehic colon, ileum 01 other structures must be 
detei mined fiom fixation detected bv the use of the palpating spoon 
A kink that cannot be straightened 01 that tends to recui after straighten- 
ing is good evidence of adhesions A sharp kink may preient filling of 
the entire lumen The length and position and the caliber of the lumen 
are readily determined when the structure is usuali/ed throughout The 
i elation between disease and uregulai filling is one concerning which 
thcie is still some dispute To ascribe the appearance imanably to 
constnctions ansmg fiom mftdmmnlory thickening or cicatricial con- 
tractions cannot be exact, although it maj be a conect interpolation 
in w.uiy instances 

The emptying tune of a visualized appendix is an important observa- 
tion If the opaque contents remain aftei they hace left the cecum, 
pool drainage is a conect inference This in itself cannot be legarded 
as evidence of disease except so far as a pooily diaining appendix can 
he regarded as a diseased appendix, or potentially so 

One of the most impoitant obsei cations to be made is the i elation 
of the visualized appendix to pain on piessuie Natuially, more or 
less discomfort is usually experienced wdien firm pressuie is exerted 
over the appendix oi cecum, but when exquisite tenderness is experi- 
enced when the pressure is exeited dnectly ovei the appendix, especially 
wdien the pa m is constant wdien the structure is moved fiom place to 
place, and there is little discomfort fiom film palpation elsewdiere in 
the immediate neighboihood, this finding is of consideiable value, and 
must be of greatei accuracy than a similar clinical finding wdien the 
exact location of a stiuclure which is variable is unknowni Even if 
the appendix is not visualized, the loentgen lay always reveals its 
probable relation to the tip of the cecum, and tenderness at this point 
is always suggestive One must be careful not to mistake tenderness 
due to a diseased appendix for that due to pressuie on a ptosed kidney, 
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or over an inflamed tube or ovary in the case of a low lying cecum 
In fact, it is wise to have clinical data furnished by a pelvic examina- 
tion before mtei pretmg tenderness over an appendix, in the case of 
a low cecum, as possible evidence of appendicitis Patients are fre- 
quently found with extreme hyperesthesia of the skin, whereas if deep 
piessure is exerted when they are off their guard, the hyperesthesia may 
be differentiated fiom appendiceal tenderness 

A retrocecal appendix may be found by pushing out of the way a 
more or less movable cecum , but when the appendix is adherent or 
the cecum fixed, it may not be seen until the cecum is empty, or nearly 
so, of opaque contents Whenever a retrocecal appendix is suspected 
because of its absence elsewheie and the evidence of adhesions or 
continued tenderness over the cecum, it is wise to continue the exarnma- 
t'on until the lattei is empty The finding of a retrocecal appendix is 
always an important one , but its significance in connection with the 
clinical aspect of the case must be carefully considered with the clinician 
and surgeon Certainly, if it is long, fixed and pointing upward m a 
case with symptoms referable to the right upper quadrant, the value 
of such an observation may be very great 

The presence of fecal concretions or opaque foreign bodies, such as 
pins, m the appendix is obviously an important finding It is probable 
that a small inspissated fecal mass will not show unless it becomes 
barium covered by the opaque meal, or calcium covered through the 
inflammatory process present or induced by the foreign body It is, 
of course, most important that the shadow of a fecal concretion be 
accurately differentiated from a ureteral stone 

3 When the appendix is not visualized, the presence of disease 
must be indirectly inferred from abnormal appearances observed m 
connection with other structures, and it is quite possible for the 
organ to be diseased without any manifestations elsewhere The most 
important finding is the presence of adhesions, especially m con- 
nection with the terminal ileum If this structure is kinked or adherent 
to the cecum, the origin of such adhesions, in the absence of pelvic 
inflammatory disease, is probably the appendix Occasionally, the pelvic 
colon will be found adherent to the cecum or drawn over to the right 
iliac fossa and fixed there Ileac stasis alone, or contents in the terminal 
ileum eighteen hours or longer after ingestion of the meal, provided 
the gastric motility is not delayed, may be an evidence of a diseased 
appendix, but it cannot be safely regarded as a diagnostic sign, and 
is not very reliable Continued exquisite tenderness at the tip or lower 
inner border of the cecum when the appendix is not visualized is a sign 
of considerable importance , but, of course, it does not possess the same 
value as the visible relation between the visualized structure and the 
tender point 
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Definite pylonc spasm is an eudence of appendiceal trouble that 
should not be ocerlooked Jt is by no means nh\n}s present, but when 
obsened, and not of such intensity as to suggest an inti agastric cause, 
the light iliac fossa should iccene a most careful examination A cause 
may, of course, be found lughei up, such as a diseased gallbladder or 
gallstones, which may sometimes produce pyloric spasm 

4 1 hat theie aie mam conditions the symptoms of which may 
mot e closely simulate those of chionic appendicitis is shown b) the 
fiequcncy with which the locntgenologist is called on to examine for 
other conditions before the clinician or the surgeon is willing definitely 
to conclude that the sy mptomntology is appendiceal in origin Ureteral 
stone seems to be the most frequent condition to be excluded Next 
in fiequcncy seems to be gallbladdci disease and gastric and duodenal 
ulcer in the upper abdomen Olhet conditions w Inch mac cause s y mp- 
toms more or less confusing m the diagnosis are duel ticulitis of the 
colon, inflamed Meckel s dnertieulum, eaily malignancy of the bow'el, 
t ubei culosis of the cecum and disease of the spine Colonic duerticula 
are easily found, but Meckel s clneiltculum is \cx\ difficult to detect 
Malignant disease is usually demonstrated readily, but early malignancy 
may be overlooked unless the examiner is on the lookout for it 
Tubeiculous colitis has been diagnosed frequently, but mat be mistaken 
for malignancy oi adhesions Pelvic conditions, such as ocarian or 
tubal disease or ectopic ptegnanc\. are rather beyond the pale of roent- 
genology as a mle 

An examination of the chest by fluoroscope at least should be a 
pait of the routine gastro-intcstinal study Sometimes an adherent or 
restucted diaphiagm will point to a prewous pneumonia and pleunsy 
which w'ere accountable foi the supposed abdominal swnptoms We 
lecently found, in a case with obscure lower abdominal pain of long 
standing, a veiy much elevated and fixed light diaphragm without 
enlaiged liver oi cause abo\e foi the phenomena, and which was 
piobably due, theiefore, to a ptevious subphremc abscess These find- 
ings brought the appendix undei suspicion as a possible cause 

~) The ftequent coexistence of a diseased appendix and some othei 
surgical condition of the abdomen, such as gallbladder disease, gastric 
or duodenal ulcer, kidney stone and many others, is w r ell recognized 
It would be too great a bui den foi the i oentgenologist to make a routine 
gasti o-mtestinal study m ecery case of appendicitis unless his w r ork 
was largely confined to that paiticular field If, however, the sympto- 
matology is m the least obscure or some other condition is suspected 
elsewhere m addition, a complete study is likely to justify the surgeon 
m limiting his exploration to the region of the appendix if no other 
condition is found, or to direct him to the proper field if a coexisting 
surgical condition is demonstrated 
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MW l ORK 

In the past the desuiptions of the usual relationship of the heart and 
its \al\es to the chest wall, in the woiks on anatomy, have been based 
upon dissections These hut e been supplemented in some cases by 
the inset tion of needles m oidei that the lelationship between the 
sui face and the deepei structuies might be retained That this method 
was not accurate is evidenced by the great vanations in the location, for 
examp’e, of the lieait and its valtes as repoited b> difteient anatomists 

Foi example, Gray 1 gives the following descnption of the heart 

The base looks upward, backward and to the right and is separated from 
the fifth, sixth se\enth and eighth thoracic vertebrae by the pericardium, 
esophagus, aorta and thoracic duct 

The apex formed by the left \entncle is directed downward, forward and 
to the left, and is overlapped by the left lung and pleura , it lies behind the 
fifth left intercostal space, about 8 cm from the midsternal line, or, m the 
male, about 4 cm below and 2 cm to the medial side of the left mammary 
papilla 

The sternocostal surface is directed forward, upward and to the left It 
consists of an atrial and \entncular portion, the former being above and to 
the right, the latter below and to the left of the anterior part of the coronary 
sulcus The sternocostal surface lies behind the body of the sternum, the 
transverse thoracic muscles and the cartilages of the third, fourth, fifth and 
sixth ribs , owing to the bulging of the heart toward the left side, a much 
greater part of the surface lies behind the left than the right cartilages The 
sternocostal surface is also covered by the pleura and the thin anterior part of 
the lungs, with the exception of a small triangular area corresponding with the 
cardiac notch in the left lung The base of this triangular area is represented 
by a line on the middle of the sternum from the level of the fourth costal 
cartilages to the junction of the body of the sternum with the xiphoid process, 
and the sides by lines from the apex of the heart to the upper and lower ends 
of the base line 

The right margin of the heart, formed by the right atrium, is rounded 
almost vertical It is situated behind the third, fourth and fifth right costal 
cartilages, about 1 25 cm from the margin of the sternum 

The inferior and acute margin formed almost entirely by the right ventricle 
is nearly horizontal and extends from the sternal end of the sixth costal 
cartilage to the apex of the heart 


1 Gray Henr\ Anatomy — Descriptne and Applied, Ed 21, Philadelphia, 

Lea &_Febiger, 1921 
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The left and obtuse margin is full and rounded, it is formed, mainly, In the 
left \entncle, but to a slight extent abo\c, by the left auricle It extends from 
a point in the second intercostal space, about 2 5 cm from the sternal margin 
obliquely downwards, with a conxcxitx to the left, to the apex of the heart 

According to Piersol 2 

The heart nia\ van considerabh m position without being regarded as 
abnormal, but what max be considered its txpical position with reference to the 
anterior thoracic wall may be stated about as follows The apex is situated 



Fig 1 — Outline drawing of teleoroentgenogram (Fig 2) and stereoscopic 
roentgenograms The position of the xal\ r es T (tricuspid), M (mitral) and P 
(pulmonary) may be noted The aortic valve is indicated bv the beginning of 
the aorta 

behind the fifth intercostal space, about 8 cm (3V4 inches) from the median 
line this position being median to and slightly beloxv the junction of the fifth 
costal cartilage with its rib The level of the base may be approximately indi- 
cated by a line drawn from a point slightly above the upper border of the 
third costal cartilage of the left side, about 4 5 cm (1% inches) from the 

2 Piersol, G A Human Anatomy, Philadelphia, J B Lippmcott Com- 
pany, 1907, p 692 
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median line of the sternum, to a point on the upper border of the third costal 
cartilage of the right side, about 3 cm (lVi inches) from the middle line If 
now the left end of the base line be united to the apex point by a line which 
is slightly convex toward the left, and a line, markedly convex toward the 
right, be draw'll from the right end of the base line to the junction of the seventh 
costal cartilage of the right side with the sternum and thence to the apex 
point, a heart area will be enclosed which corresponds to the outline of the 
organ as seen from in front 



Fig 2 — Relationship of the heart and its valves to the anterior thoracic wall 
Compare Figure 1, exposure made at a distance of 6 feet (18 meters), 
measurements verified later by dissection 


Considerable importance attaches to the location of the auriculoventricular 
and the aortic orifices with reference to the anterior thoracic wall The right 
auriculoventricular orifice in a typical heart lies on a level with the attachment 
of the fifth costal cartilages to the sternum, almost behind the median line of 
that bone and opposite the fourth intercostal space, while the left auriculo- 
ventricular orifice is opposite the sternal end of the left third intercostal space 
In other words, these openings lie along a line which corresponds with the 
auriculoventricular groove, and this may be represented by a line draw'n from 
the upper border of the junction of the seventh costal cartilage of the right 
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side with the sternum to the sternal end of the third left eost d e milage The 
right orifice is located upon the line where it is intersected In a line joining 
the sternal ends of the fifth costal cartilages while the left oiu is situated at 
its upper end 


/ 



} 


Fig 3 — Lateral exposure showing the depth of the \alves P (pulmonary), 
T (tricuspid), A (aortic), M (mitral) 

The systemic and pulmonary aortic orihces are situated at about the level of 
the attachment of the third costal cartilages to the sternum, the pulmonary 
orifice being behind the sternal end of the third left cartilage, while the aortic 
orifice is behind the left half of the sternum a little below and to the right of the 
pulmonary one, the two orifices orerlapping for about one quarter of their 
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dnmctcrs It is to be noted, ho\\c\er, that the pulmonary aorta is directed 
upward and to the left, while the systemic aorta inclines decidedly tow'ard the 
right in the first part of its course and since the sounds caused by the valves 
which guard the orifices are carried in the direction of the blood stream, ausculta- 
tion of the pulmonan semilunar \al\cs ma\ be practised o\er the sternal end of 
the second left intercostal space while that of the systemic vahes is best 
performed o\cr the sternal end of the second right space 

Similarly the close proximity of the areas of the left auriculoientricular 
and SNstemic aortic orifices, as projected upon the thoracic wall, might lead 
to confusion, were it not that the course of the blood passing through the two 
orifices is in opposite directions, and the auscultation of the auriculoventricular 
orifice is consequenth satisfactorily performed toward the apex of the heart 
Considerable \ariation from the position of the heart indicated above, may 
be found 1 bus the apex may be situated behind the fifth costal cartilage, or 
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Fig 4 — Vertical projection showing relationship of \al\es to median line 
of the bodv 


more rarely the sixth, and the pulmonarx aortic orifice may occur as high up 
as the second intercostal space, or as low as the le\el of the fourth costal 
cartilage 

The heart naturally has its position altered somewdiat during its contraction 
and during the respiratory acts, and the position of the body will also ha\e 
some effect in modifying its location Resting as it does upon the diaphragm, 
the heart will alter its position somewhat with alterations of that muscle , and 
since in the child the diaphragm is somewhat higher and in the aged somew'hat 
lower than m the middle period of life corresponding changes according to 
age will be found m the position of the heart It may be noted furthermore, 
that the position of the heart as determined in the cada\er will, as a rule, be 
slightly higher than in the living bod\ , ow ing to postmortem tissue changes which 
allow' the diaphragm to assume a more vaulted form than is usual in life 

In only one instance have two observers agreed On further study, 
this agreement was found to be due to the fact that the data had been 
transferred from one author to another with due credit 
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NEW METHOD OE DETIRMINING THE RLE \ TION 01 TIIE 
HEART AND ITS VAL\ LS 

In view of the facts above stated, it was decided, at the suggestion 
of Dr II D Senior, Piofessoi of Anatoim at Bellevue Hospital 
Medical College, to attempt a new' method This was accomplished and 
the results published in Morns’ Anatomy and in the Stereo Atlas The 



Fig 5 — Hypoplasia of the heart, the extremely small si7e of the heart, the 
transverse diameter being only 8 cm , may be noted 

body W'as injected through the right carotid arteiy with equal parts 
of commercial liquor foimaldehydi and water, the injection being 
begun with the body in the honzontal position and finished with the 
body in the vertical position The body, which had been stored m the 
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horizontal position foi some months, was frozen and the thorax removed 
The frozen thoiax was then cut accurately, by means of a band saw, 
in the frontal plane so as to open both auricles from behind, without 
intei fenng with the contoui of the heart In the intact interior 
portion of the thoiax, the mitral and tricuspid valves were readily 
accessible Wires were bent so as to fit accurately the groove corre- 
sponding to the attachment of the valves to the heart wall The wires 
were placed in position from the auricle, and, in the case of the 



Fig 6 — Hypertrophy of the heart (transverse diameter, 28 5 cm) which 
could be mistaken for pericardial effusion (Fig 8) , the narrowing at the great 
vessels may be noted Patient under observation for six years , had rheumatic 
fever at age of 7, aged 28 at time of this roentgenogram 

tricuspid valve, fixed by means of two sutures The cusps of both 
aunculoventncular valves were found to be m apposition The interior 
of the aorta was reached through the anterior wall of the left auricle 
The region of the pulmonary valve was made accessible by removing 
the remainder of the left lung and cutting the artery longitudinally 
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fiom the left side Wiies weic shaped to hi the uoitic and pulmonai) 
oiitkes and placed so that lhc_\ wete m contact with the deepest part 
of each of the semilunai \al\e cusps, which pi muled excellent guides 
m placing the wnes Aftei placing the pulmonun nng the cut edges 
of the \essel came into position '1 he acuuacv of the position of the 
woes was tended aftei loenlgenogianis had heen taken 



Fig 7 — The auator’s lieart, sliowmg the effect of respiration on the heart 
solid line indicates diaphragm and lieart at full inspiration , broken line indicates 
diaphragm and heart at full expiration (difference m transverse diameters, 
28 cm ) Two exposures were made on one plate to demonstrate the change 
m size and position of the heart during deep breathing 


The first teleoroentgenogiams w r ei e taken with the material ftozen, 
the remaining poitions of the lungs and liver having been ? emoted 
after freezing The parts were so rigid, however, that after the fits'- 
tuals freezing tvas not repeated It can safety be said that lack of 
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rigidity is not a source of enoi To minimize optical distortion, the 
tube was placed 6 feet (18 meteis) fiom the object, which was 
horizontal, with the anterioi surface m contact with the plate holder 
The tube was accurately centeied on a shot, which may be distinguished 
in the roentgenogiam a short distance abo\e the tricuspid ring The 
shot is embedded in the skin of the median line of the thorax at the 
middle of the longitudinal aiea occupied by the wnes 



Fig 8 — Pericardial effusion, the water bottle shape of the heart area, with 
the broadening at the great vessels, and obliteration of the usual curves, indicated 
by the arrow, may be noted 


Stereoi oentgenograms were made m the usual way and the subject 
was also roentgenographed in various positions 

The out’ine drawing (Fig 1) was tiaced from the negative (Fig 2), 
most of the doubtful points m which were elucidated by the stereoscope 
The left limit of the superior \ena cava and a small portion of the 
upper left margin of the heart, where the picture of the latter is obscured 
by the root of the lungs could not be determined with certainty The 
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outline is omitted fiom these regions, but subsequent remo\al of the 
heait testified to the appioximate .iceuiacy of the dotted lines by which 
these margins aie indicated Severn! pails incientificd m (he stereo- 
roentgenogiam hate been omitted foi the sake of clearness, such, for 
instance, as the inferior vena cava, and the .mtcnor papillary' muscles of 
the light and left ventricles, and one of the mitral cusps 



pjg 9 — Calcified pericardium which may give little or no evidence on ordi- 
nary physical examination but is readily detected on roentgen-ray examination 


The apex is in the fifth intercostal space, iiom 7 5 to 8 cm (3 to 
314 inches) from the median line The base (above) corresponds to 
an imaginary line (A), drawn from a point 1 cm (2/5 inch) below 
the second left chondrosternal ai ticulation, and 3 cm (1 1/5 inches) 
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fiom the median line to anothei point the same distance from the 
median line, 1 cm above the right chondrosternal articulation The 
maigo acutus, 01 lower boidei, coriesponds to a line ( B ) drawn from 
the apex thiough the xiphisternal aiticulation, to a point on the sixth 
costal cartilage, 2 cm to the right of the median line The right bordei 
of the heart may be indicated approximately by an imaginary line 
(slight'y convex to the light), joining the right ends of the A and B 
The left bordei corresponds to a line (slightly convex to the left), join- 
ing the left end of A to the apex 

If a line is diawn fiom the upper margin of the left third chondro- 
steinal articulation to the right edge of the sternum in the fifth inter- 
costal space, the upper end of the line will he over the center of the 
pulmonary orifice, and the lower two thirds of it (approximately) will 
overlie the mam axis of the tricuspid orifice The aortic orifice is 
immediately to the left of the above line, with its center at the left edge 
of the sternum, opposite the third space The mitral orifice is very 
largely behind the third left interspace, its upper end is behind the 
third cartilage, its lower behind the left margin of the sternum, opposite 
the fourth cartilage and space 

Of the orifices of the heart, the pulmonary is the nearest to the 
anterior thoracic wall , the tricuspid is slightly in advance of the aortic, 
and the mitral deepest of all (Figs 3 and 4) 

The pericardium follows the outline of the heart closely The 
upper end (apex) in this subject extended up behind the sternum, to 
the lower margin of the first costal cartilage on the right and the upper 
margin of the second on the left 

The positions occupied by the cardiac orifices may be seen so plainly 
that it is unnecessary to describe them further It may be said, however, 
that all the rings are seen from the lower (anterior) aspect except 
the aortic, which is seen from above 

Norris and Fetteroff 3 approached the study of the problem with the 
aid of horizontal sections and coated the heart valves with a lead 
preparation prior to making roentgenographic studies This method, it 
seems to me, while valuable, disturbs the anterior chest wall Groedel 4 
roentgenographed the heart after it had been removed from the body 
and obtained valuable information in this way 

VALUE OF ROENTGENOGRAMS IN DIAGNOSIS 

The accompanying roentgenograms are interesting m that they 
illustrate certain pathologic conditions Hypoplasia of the heart has 
received comparatively little attention While it is necessary always to 

3 Norris, G W, and Fetteroff, G Am J M Sc 145 225, 1913 

4 Groedel, F M Arch Roentgen Ray 17 86, 1912 



100 


IRC HU LS 01< SURGIlRi 


take into account the sue and l)pe of the individual, yet several instances 
of hearts which were distinctly smaller than norma! have been 
encounteied (Fig 5) 

In hypei trophy of the heait, the teleoioentgenogram is the best 
method of determining the amount of enlargement When of extreme 
degiee, the findings aic easily determined (Fig 6) When the ques- 
tion of minor degiees of hypertrophy or gradual increase of the sue 
of the heart is the question to be determined, extreme care in technic 
is necessary in older that the eft cct of lespiration, displacement of the 
diaphragm, etc, may be taken into consideration This pi obi cm was 
encountered in the study of the aviatoi’s heart'' (Fig 7) In pert- 
caidial efiusion, the roentgenologic examination is of great importance, 
but the findings must be interpreted with great care (Fig S) A case 
of calcified peiicaidium gave no physical signs indicative of the condi- 
tion which was disco\eied on fluoiostopic examination (Fig 9) Prior 
to any surgical piocedtue involving the chest, a careful roentgenologic 
examination in vanous positions should alwajs be made 

5 Le Wald, L T, ind Turrcll, Gm Tlie \\iator’s Heart Rocntgcn-Rav 
Studies Under Conditions Simulating High Altitudes, \m J Rocntgenologv 
7 67 (Feb) 1920 



THE VALUE OF PERICARDIOTOMY IN DIAGNOSIS 

AND TREATMENT* 

JOHN B ROBERTS, MD 

Professor of Surgery (Emeritus), Graduate School of Medicine of the Uni- 
versity of Pennsylvania , Sometime Attending Physician to 
Jefferson Medical College Hospital 

PHILADI LPH1A 

Diagnosis may be established in obscure conditions occasionally, 
and permanent relief given to the patient, with only a negligible risk, 
by a digital exploration of the heart sac 

Philadelphia has been interested in the surgery of the heart and 
pericardium for years In 1876 an intern of the Pennsylvania Hos- 
pital made a search in its library for literature on pericardial tapping 
Some results of this study were incorporated in journal articles 1 and 
later m Pepper’s System of Medicine, 1885, m which an improved 
form of pericardial aspirating trocar was illustrated This instrument 
has proved a useful device It was described in 1877 and 1881 In 
October of the latter year, an article, read in Brooklyn, suggested the 
employment of pericardiotomy to permit the suturing of cardiac 
wounds 2 

A suggestive article on cardiac sutuie by Block 3 appeared m 1882, 
which I mentioned before the College of Physicians of Philadelphia, 
in 1883 The piesent distinguished professor of therapeutics in 
Jefferson Medical College, Hobart A Hare, 4 did experimental work 
m 1886 or 1887, on cardiac wounds, in which he showed that the 
fatality of these injuries was usually due to mechanical pressure within 
the pericardium produced by the bleeding 

The earliest American operation tor suturing a cardiac wound was 
performed, if I am not mistaken, by the late Francis Stewart, a young 
surgeon, who died recently while holding the positions of surgeon to 
the Pennsylvania Hospital and professor of clinical surgery m the 
Jefferson Medical College 

* A recent study of pericardial surgery in the laboratory and wards of the 
Polyclinic Hospital 

"* Read before the Fourth Annual Meeting of the American Association 
for Thoracic Surgery, Boston, June 6, 1921 

1 Roberts, J B New York M J December, 1876, Paracentesis of the 
Pericardium, Philadelphia, J B Lippincott Companj 1880, Tr A M A , 1880 

2 Roberts, J B Ann Anat & Surg , December, 1881, p 250, Medical News 
Jan 13, 1883 

3 Block Gaz med de Strasb , Oct 18, 1882 

4 Hare, H A Med &. Surg Reporter 60 1886-1887 
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Westbi ook,’ i of Biooklyn, in 1882, advocated intentional aspiration 
of the hcait auricle itself to ielie\c caidiac distention, in cases in 
which phlebotomy did not seem applicable Corn in, Dana, Roberts 
and Leuf, in 1883, wiotc on this opciation of cardioccntesis , and Senn, 
m 1885, refeis to it in the treatment of air embolism 

F C Shattuck and Charles B Porter of Boston drew attention to 
clinical and expei imental woik in cardiac surgei) m an important 
article lead befoic the American Smgical Association m I S97 At 
that time 1° ad\ ocafcd a thoracopl.istic opcr.iti on for reaching and 
dealing with the heatt when w’ounded 

Pei icai dial tapping as a means of diagnosis was looked upon with 
mci easing fat or as these studies continued m \anous countries The 
aid given by the aspnatmg \acuum attached to the hollow needle or 
trocar was lecognwed as mci easing the cfliuenc) of the diagnostic 
opeiation The danger of unintentional!} punctunng the heart wall and 
drauung blood fiom the light ccntricle was recogm/ed as being less 
liable to icsult in a fatality than missing the opportunist to sate life 
through an early demonstration that the patient was dying slowly from 
pressuie by accumulation of fluid within the pci icai dial sac The needle 
with the internal sliding flexible evacuating cannula, already mentioned, 
greatly minimised the possibility of wounding the heart itself, even 
when fluid within the sac was small 

Another corroboration of the nonmorlahty of aseptic puncture of 
the normal ventricle, tvhether accidental oi intentional, as shown b} 
Hobart A Hare and Westbiook, was its occasional occurrence without 
fatality when scai clung with the needle for fluid in cases diagnosed as 
pericarditis with effusion 

I have been surprised in one or two instances of tins kind to see the 
external end of an ordinary aspirating needle pulsate with the heart 
beat, and blood flotv from it without any disagreeable result to the 
patient except a moderate amount of pain Striking the fluid through 
a needle puncture m another place has been followed by escape of the 
pericardial serum, and the patient has lecoveied without complication 
of any kind, notwithstanding the fact that the heart itself w r as tapped 
It is possible, I admit, that the punctuie, first made, might have 
traversed the dome of the diaphragm and diawn blood fiom the liver 
It is needless to say that such a mishap as tapping the heart instead of 
the pericardial sac is a contingency to be avoided 

Puncture can readily be made under local anesthesia, or even 
without anesthesia, in rather stolid patients or m those who aie partially 
dulled m sensitiveness or nervousness by imperfect respiration 

t "Westbrook New Yorlc Med Rec , Dec 23, 1882 
6 Roberts, J B Tr Am Surg Assn , 189?, p 101 
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In Match, 1904, I aspuated the pericardium m a man, 31 years old, 
in wnom the diagnosis was somewhat indefinite , but pericardial aspira- 
tion was advised by the internist in whose care the patient was The 
history will show the difficulty of ai riving at an exact diagnosis of the 
intrapericardial condition by tapping It is quoted here to justify the 
contention that pericardiotomy may be a better diagnostic operation than 
paracentesis 

Physical examination gave evidence of an enlarged area of pre- 
cardial dulness and showed valvular murmurs The apex beat was 



Fig 1 — Roentgenogram of the pericardium of a cadaver, into which about 
740 cc of plaster-of-Paris mixture had been injected A indicates the point 
recommended for aspiration by Rotch, in the fifth interspace, from 4 5 to S cm 
to the right of the edge of the sternum, B indicates the point recommended by 
Roberts, in the fifth interspace, from 5 to 6 cm to the left of the median line 
of the sternum (probably the best point in most cases) , C indicates the point 
recommended by Ferrand, at the fifth interspace, lertically below the nipple The 
round buttons indicate the nipples 

seen and felt under the left nipple The dulness extended to the right 
of the sternum My belief was that the heart was hypertrophied and 
that there was not much pericardial fluid Harsh breathing and some 
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dulness were recorded m the light chest, posteriorly Thcic was also 
heard what was either a pleuritic friction or fine bronchial rales at the 
base of the right chest, posteriorly Dulness was also eudent at the 
back of the left side of the chest \\ cak pulse, rapid in rate, rapid 
breathing, dyspnea, and sweating were pronounced It was not neces- 
sary for the man to sit up in ordei to breathe My diagnosis was old 
vahular disease of the heait, with hypertrophy and pulmonary con- 
gestion or inflammation 

I, therefore, decided that tapping of the pcricaidittm was not justi- 
fied, because I w-as unable to comincc myself that there was much 
fluid in the heait's sac 

The ne\t day I w r as told that the man s condition was such that the 
attending physician, an expert internist, thought tapping was very 
desirable He himself, unfortunately, could not be piescnt to discuss 
the operatic e treatment with me When I saw the patient. I found 
more dulness, apparently, than on my fust examination Otherwise 
I saw no especial change m pin sical signs 

I, however, accepted the point of wcw of the more experienced 
medical man than I, and decided to tap the pericardium wuth the internal 
flexible cannula and needle I entered the chest m the fourth right 
interspace, close to the sternum, attaching the -vacuum chamber after 
insertion of the needle into the tissues Ihrec flmdrams (11 cc ) ot 
slightly red fluid w'as obtained The needle and cannula moced w r ith 
respiration but not with the heart throb, pioving that the protected 
needle point had not punctured the heart 

I then made a second puncture in the fifth left intei space, about 
D /2 inches (3 8 cm ) below the nipple, to make certain that no large 
effusion had been missed The end of the tiocai seemed to strike the 
heart and perhaps to be embedded in the heait muscle, because it 
moved with such vigor with the heart beats No fluid, except a few' 
drops of blood, escaped The pump brought \ei) little fluid, and, after 
repeated attempts to get fluid, the instrument was withdiawn Attempts 
had been made to get fluid by altenng the position of the end of the 
cannula, but none was obtained It did not feel as if the end of the 
trocar was free m a cavity of any size The end of the cannula con- 
tained blood clot, and there w'as a free flow' of blood from the u'ound 
until it was closed with cotton and collodion The patient, at one time, 
complained of seveie pain, and it w'as then that I thought the heart 
had been wounded 

The next day the patient seemed better , the pulse w'as stronger, and 
it was thought that the area of caidiac dulness on the right of the 
sternum was less He died three days latei 

Necropsy revealed no pleural effusion and no fluid, but a marked 
amount of lymph m the pericaidium The heart was greatly hyper- 
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trophiecl No maik was found of a wound of the heart, but this would 
piobably have been concealed by lymph deposits 

I had another experience, also with the flexible ended cannula 
needle, of a somewhat similar kind, in the case of a woman who had 
come to the Polyclinic Hospital with pericarditis and bronchopneumonia, 
under the care of Dr David Riesman 

I aspirated in the fourth left interspace over the apex beat, whicn 
could be distinctly felt The point of puncture was about Z^/z inches 
(8 9 cm ) to the left of the middle line of the sternum, under the left 
mammai y gland, and perhaps through its lower edge The Roberts 
pericardial tiocar was employed, and worked satisfactorily, the vacuum 
of the aspirating pump being attached after a little fluid had flowed 
from the trocai The introduction of the needle, which was made 
without attaching the aspirator, was followed by pushing forward the 
internal cannula The trocar was introduced to a depth of about 3 5 
cm The point gave the impression of being within a cavity, and the 
beat of the heart against it was easily felt The external portion of 
the trocar oscillated with the cardiac pulsations Three ounces (85 gm ) 
of a very bloody serum was drawn oft In order to make a strong 



Fig 2 — Roberts’ pericardial aspirating trocar, consisting of a hollow needle 
and an internal cannula with a flexible end The cannula is pushed forward 
after the needle point enters the pericardium 


vacuum, after the small bottle was about half filled, the aspirating 
apparatus was detached The contents of the bottle had coagulated so 
promptly that it took a little time to wash out the bottle and to obtain 
some of the fluid in sterile test tubes for bactenologic examination 
The aspirator was attached to the trocar again, but no more fluid was 
obtained The wound was sealed with cotton and collodion 

Percussion over the upper cardiac region after the patient had been 
tapped disclosed clearness where previously there had been dulness 
The woman, after the operation, seemed to breathe more easily, and 
had a better pulse Ethyl chlorid was used to freeze the skin before 
the puncture was made 

Before the operation there was dulness of the right chest posteriorly, 
with moist rales There was marked dulness oier the heart The 
dull area was somewhat irregularly triangular, with the base downward 
This dulness extended into the left axillary region The dull area 
seemed to be displaced forward when the patient turned on the right 
side The cardiac sounds and impulse were quite distinct in front. 
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and a friction sound was heaul at the base of the heart This was said 
to be less than on the piewous day The cardiac sounds were heard 
posteriory There weic some rales, posteriorly, in the left side of 
the chest The patient was bieathmg very rapidly and had a weak, 
rapid pulse, but she was able to he flat on hci back e\en before opera- 
tion The day after operation she was in belter condition than on the 
day of opeiation, and the catdiac dulncss, which had been diminished 
by opeiation, vvas not increased 

Three days later it was detci mined to make another aspiration 
because the pericaulial sac had c\idcntl\ refilled A. puncture w f as 
made with the Robeits ttocai in the fifth intci space, 2 )\ inches (7 cm ) 
to the left of the middle line of the sternum he aspirating pump was 
attached, but nothing was obtained, except a verv few drops of bloodv 
fluid The tiocai was then withdrawn and found to be plugged A 
second puncture was made in the same interspace, 3 ( !/ t inches (9 5 cm ) 
from the midline of the sternum It obtained by aspiration 4 t/> fluid- 
ounces (133 4 cc ) of dark, bloods fluid The fluid was much darker 
and lluckei than that obtained a few days before, and did not coagulate 
so quickly, if it coagulated at all The trocar moved with the heart 
beats m both punctures, but not so vigorously as it did on the former 
occasion At the last puncture the trocai was buried in the tissues for 
about 9 cm The operator received the impression that the point was 
m a large cavity At the first puncture the end seemed not to enter 
a laige cavity, but to stuke against some solid body within the chest 
An increased resonance was obtained by percussion of the precorchal 
legion after the operation The patient died eaily the next ( ? ) 
moi ning 

Necropsy demonstiated the peiiearcfial cavity nearly free from fluid 
The heart was covered with shaggy lymph, particularly about its base, 
and there vveie adhesions between the heait and peiicauhum The 
fii st puncture, made on the second day, scraped or went tin ough the edge 
of the costal cartilage above the interspace 

Upon the front of the heart was a small ecchymosis, without appar- 
ent wound, that looked as if it might have been caused by contact with 
the end of the trocar This fact could not be definitely^ confirmed, as 
the point of ecchymosis was not very marked There was a considerable 
amount of fluid m the left pleural cavity, and pleuropneumonia was 
present There was some congestion and consolidation of the right 
lung 

An incised wound of the fifth interspace of the left chest, made 
with a piece of glass with suicidal intent, which I saw on one occasion, 
has a bearing on the question m hand The cut, which was approxi- 
mately m the nipple line, laid open the pleural cavity and the peri- 
cardium When the patient was brought to the Polyclinic Idospital 
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there was free bleeding The intern cleansed the region and stopped 
the active bleeding When I saw the man later, there was evidence of 
some blood in the pleural cavity , but he was m good general condition 
I thought it unwise to undertake any active intervention, not knowing 
that the wound had split open the pericardium The pleural wound 
was not large and had been packed with sterile gauze I believed that 
if the hemothorax should become infected, I could easily dram and 
irrigate The packing in the pleural opening was replaced after a day 
or so, and later a drainage tube, followed by irrigation of the cavity, 
was adopted as the line of treatment 

The patient did well for some days , but he died, some time after the 
injury, of pleuropneumonia A thorough examination of the region 
then revealed the pleural opening and also disclosed a clean cut wound, 
of an inch (2 5 cm ) or more, in the pericardium and a shallow 
incision in the wall of the heart near the apex, about 1 inch (2 5 cm ) 
long This wound was of no special significance m the case, but showed 
me how easily the heart can be reached for suture in deeper lesions of 
its muscle tissue 

It is probable that had I seen the patient immediately after the 
infliction of the wound, exploration with my finger would have revealed 
the pericardial and cardial damage and would have led to a more radical 
line of treatment of the injury of the pleura The young intern 
naturally, as perhaps I also might have done, gave more attention to 
arresting the evident bleeding, than of exploring the depths of the 
wound 

Thorough asepsis might have been followed by suture of both 
pericardium and pleura, perhaps with safety, and a small cigaret 
or rubber dam dram inserted superficially 

REPORT or CASE OF RECOVERY AFTER DIAGNOSTIC PERICARDIOTOMY 

Hntoiy — The patient whose case prompted the preparation of this paper 
was a boy, aged 7jd years, who was admitted to the Polyclinic Hospital, 
July 24, 1919, and discharged, improved m health, Feb 11, 1920 He had 
been sent there by the pediatrician of the hospital with a diagnosis of peri- 
carditis with effusion A condensation of the hospital record is as follows 
Tonsils, troublesome since 4 years of age, slight attack of influenza last 
September , varicella when 4 years old , family history, negative , appears that 
child had contracted amygdalitis from father and mother, three weeks previous 
to admission He was taken to Dr M , the pediatrician, because of pain in the 
stomach Dr M sent the child to the hospital with a diagnosis of pericarditis with 
effusion Examination of the eyes, ears and nose was negative Both tonsils 
were enlarged and the lips were slightly cyanosed Two teeth should have 
been removed , otherwise the teeth were in perfect condition The posterior 
cervical lymph nodes were palpable, but the anterior nodes were not palpable 
Both submaxillary glands were palpable The lungs were negatne The heart 
showed an increased area of dulness, extending on the right side to the nipple 
line and beyond the nipple line on the left side The heart sounds were fairly 
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Fig 3 — Roentgenogram of patient, aged 7‘/_ vears, with hypertrophy of the 
heart, proved bj pericardiotomy, which was supposed at the original examina 
tion to be pericardial effusion The shadow of a safets pm is seen on the 
left side It sened to indicate the left side of the patient 
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normal, but an evident to and fro murmur was transmitted to the left axilla 
mostly The abdomen and extremities were negatne 

The child was under treatment until September September 9, a roentgeno- 
gram was made at the request of Dr M The boy was sent to the laboratory 
with a clinical diagnosis of pericarditis with effusion and left pleural effusion 
The roentgenologic report reads thus “Pericardial effusion , there is a pro- 
nounced and overwhelming amount of fluid present and it is well defined by 
this examination , see no e\ idence of pleural effusion on either side See 
plate” (Dr W) 

The temperature record for September \aned from normal to 99 F, with 
occasional slight rises to about 100 F , until Sept 22, 1919 A.bout this time it 
reached 101 F , irregularly, and oscillated between 100 and 101 F , dropping 
occasionally to about normal Late in September, 1919, the temperature rose to 
103 F , once or twice During this month the blood pressure w r as diastolic, 
70 and systolic, 94 The pulse from the tune of admission was about 120, more 
or less There was some increase in respiration after the first of August, but 
before that time it varied from about 20 to 30 per minute, and m September 
it increased to 50 and 60 per minute About this time, the pulse rate w r as 
from 110 to 125 or 130 per minute, and the temperature varied between 99 
and 101 F, rising later to 102 and 103 F 

Sept 30, 1919, Dr H A McKmght asked me to see the patient in consulta- 
tion, as he had been asked to tap the pericardium, in his capacity as the surgeon 
on duty The clinical diagnosis of pericardial effusion had been made b\ both 
the pediatrician and the roentgenologist 

Treatment had consisted of the application of ice to the precordia, and 
blisters had been caused by cantharidal plaster Basham’s mixture had been 
gnen internally, as well as calcium sulphid and acetylsalic\ lie acid, with orders 
for weekly urinal) sis to be made, and frequent purgatives to be given Ao 
frequent record had been made of accurate auscultation and percussion of the 
chest, although this examination may have been made by those m charge 

E\ animation — Our examination revealed rather loud cardiac sounds, with 
dulness in the precordial region, but the patient w'as not especiallv cyanotic and 
as he lav in bed his pulse was rather strong 

Dr McKmght and I discussed the fact that the clinical examination of 
the patient did not give the impression that he was suffering from a large 
pericardial effusion He w r as not sitting up in bed panting for breath, and the 
cardiac impulse did not seem so feeble as it wmuld hat e been with a large 
pericardial effusion On account of the interpretative diagnosis of the roentgen- 
ray laboratory and the clinical diagnosis of the pediatrician, it w r as decided to 
make an exploratorv puncture 

Ti catment ■ — “\n aspirating needle w'as inserted between the xiphoid cartilage 
and the seventh rib, but no fluid was obtained Then an incision was made down 
through the left fifth interspace and pleura and pericardium were exposed The 
needle was again inserted through the exposed pericardium, and no fluid except 
blood was obtained The pericardium was opened by a small incision and the 
index fingei inserted into the pericardial sac No fluid was obtained, but a 
■very large heart was found 

Considerable trouble w'as experienced as a result of bleeding from the 
internal mamman arten, which made the operation more tedious This was 
stopped b\ a hemostatic clamp, wdnch was left on when the wound was sutured 
The pleura was torn probabh b\ a finger, in exnloring the ca\it\ oi the 



110 


IRC 1111' LS 01 • SURGRR) 


pericardium A piece of sterile gau/c was pushed m through the wound in the 
pleura, and the patient was returned to bed m fair condition The anesthetist, 
Miss Bonner, recorded that the patient was a poor subject for etber, his pulse 
being so rapid at the beginning that it was impossible to count its rate 

Dr 11 \ McKnight periormed the operation, Dr Hawthorne and I 

assisted The amount of ether used was 2V. ounces (74 cc) 

Cotn u — Digitalis was gnen alter operation, with strychnin sulphate, 
grain (000043 gm ), even three hours, In Jnpodernne injection Camphorated 
oil was also gnen In podermicalh Tins general stimulating treatment, with 
camphorated tincture of opium (paregoric), was continued and later changed to 
Basham's mixture Sodium bicarbonate and phcml sailer late were gnen before 
meals The patient, m a short tune, reacted and continued to improve above the 
condition that existed before operation This improvement was evidently due to 
change m treatment resulting from the correction in diagnosis, and, perhaps, to 
relief of pressure on the enlarged heart hv the incision in the heart sac, which 
must have enclosed the 1 irgc heart tighth, previous to the operation \ 
revised diagnosis of chronic v dvular disease ot the heart, mitral regurgitation 
with decompensation was made This was evident!} the cause ot the livpcr- 
tropln found at the time of the pericardial operation Inquire made at the 
child s home, rnanv months later, revealed the f ict that no apparent disahihtv had 
resulted from the pericardiotoim performed m 1919 or a later aimgdalectoim 
Urinahsis, which was recorded, Dee S 1919, revealed straw colored urine 
with a specific gravity of 1015, acid, no albumin no casts, no leukocytes and 
no pus There was no amorphous sediment, but a few crvstals of urates 

The urine when the child was admitted was deep yellow, with a specific 
gravitv of 1 029 acid slight flocculent sediment, no albumin or sugar 
Occasional h} aline casts were observed, as well as epithelial cells and leukocytes, 
no pus, a few bacteria and some mucus 

The leukoc}tc count on admission was 9,920, pol> morplionuclears, 53 per 
cent , trnnsitionals, 32 per cent , lymphoev tes, 1 5 per cent , large mononuclears, 
13 per cent , eosmoplnls, 1 5 per cent , hemoglobin, 76 per cent , red cells, 
4,330,000 About the time of the operation the leukocytes increased in number 
to 18,400, hemoglobin was 71 per cent , red cells, 4,600,000 The urine con- 
tinued to be negative as to albumin and sugar during tins entire period 

Valuable additional history was obtained after tile operation The child bad 
been taken acutely ill, June 23, 1919, with high fever, general depression and 
malaise lie was m bed one week, then he got up and felt better In July he 
had an attack of pain m the upper abdomen, diagnosed as gastro-mtestina! colic 
His breathing had been distressed and rapid The child never complained 
of dyspnea and cardiac pain until very recently He bad always had bad tonsils 
and he had had three severe attacks of tonsillitis There bad been no history 
of rheumatism, but slight sore throat during the influenza epidemic The gen- 
eral health greatly improved from week to week 

More than two months later, the patient was etherized with nitrous oxid 
and ether and operated on for hypertrophied tonsils and adenoids Miss 
Bonner reported that the pulse was rapid but fair and that the child took the 
anesthetic well The operation was performed m Dr Ralph Butler's department 


COMMENT 

This and other experiences in pencardial surgery have seemed to 
ofiter strong evidence m support of the opinion that careful mvestiga- 
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Fig 4 — Author’s chondroplastic method of pericardiotomy by a trap-door 
excision of the costal cartilages, which prerents injury to the pleura and 
internal mammary vessels The flap, consisting of portions of the fourth and 
fifth cartilages and the attached soft parts, is turned upward, exposing the 
left lung covered with pleura and the internal mammary vessels The forceps 
are holding the vessels and the edge of the pleural sac outward, so as to expose 
the white pericardium, m which an opening, indicated m black, has been made 
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turn should .ilw.i) s he made b\ pcicussion. auscultation and loentgcno- 
gru])!uc stiuK beloie icmhI is had to tapping, oi othci surgical attacks, 
its the line of ti eat mem in suspected pathologie eonditions of the heart 
1 hc\ , ho\\e\ei, show also the difficult} that m.n arise in difteicntiating 
with aeeuiac) the cause ot the ohjcctne and suhjectnc s\mptonis pre- 
sented to the eluucian tor diagnostic mtei pt elation 

Recent rescaiches and ntuneious u.n experiences m ttcatment of 
thoiacie wounds and the acknowledged innocuousness of pericardial 
incisions indicate th.it it m.n he at times not onh wise, hut unperatne, 
dchbei.ileh to open the sac ot the hcait for diagnosis It will he 
admitted that this somewhat l.idtcal pioccdtuc should he adopted ir 
onh a compaiatneh few instances and h\ surgeons familial with the 
suigieal anntoim ot the jnecatdtal thoiacie wall 

1 he diltcienlial diagnosis hetween pericardial ellitsion, pericardial 
empxema, mttnpci lc.udial bleeding Inperlropln of the heart dilatation 
ot the hcait luptute oi wound ot the heart wall and foreign bodies 
within the hcait sac oi embedded m the heart itself mat be obscure The 
outlook tor the patient m.n become ten gloomt '1 he surgeon under 
such cncumstanccs, cspeciallt when theie aie tanous combinations of 
these pathologic possibilities is dnten to cxplmation of the interior of 
the peiic.irdium 

'I he situation of the patient and the icspunsibiht} of the surgeon 
aie then simdai to those existing in obscure lesions of the abdominal 
peltic cranial and pleutal catitics Itnestigation must be made by 
endoscopic, visual, and digital cxploiation of the pci tcai dial sac and 
perhaps eten of the hcait wall and its cavities 

Laboratory rcseaichcs have appai cull) piovcd the possibiht) of 
enteimg even the hollow' hcait and lemedjing defects of its valvulat 
apparatus It is not difficult to believe th.it small giow'lhs within the 
heart, of syphilitic oi othei oiigm, might be excised and small 
aneuiysms of the coionaiy arteries be surgically obliterated A rapid 
and skilful operatoi might possibly hn\e time to do mtiacaichac w'ork 
of value to a suffering patient w'hile the blood curient was conti oiled 
by twisting or compressing the vessels cai lying the inflow' of blood 
Operations for wathdiawang embolic air from within the heart 
by aspiration, Tiendelenbuig’s operative lemoval of blood clot from 
the pulmonary aiteiy, by means of a pencardial entrance thiough the 
second intercostal space, procedures foi relieving caidiac adhesions and 
lessening impeding pressuie on the organ’s mobility aie instances ot 
what have become advances m cardiac surgery 

Hare insisted years ago that the i eduction of mortality from cardiac 
wounds w'as in its essence simply a mechanical problem , and that it was 
mtiapei icardial pressure which the surgeon should seek to remove and 
then deal with the damage in the muscle of the heart 




Fig 5 —Goodman’s incision of thoracic wall for exposure of the peri- 
cardium (Courtesj of Dr Charles Goodman ) 
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In the case repotted in this paper it is possible that the incision in 
the pencai chum encasing the gieatly enlarged heart was an important 
factor m the child’s subsequent iclurn to health 

Aspiration of the right amide and punctilio of the right ventricle 
probably aie, as Ballance says, no more valuable and much more 
dangerous than operative bleeding from the external jugular vein to 
leheve an oieistretchcd heait Intentional punctuie of the left side of 
the heart may doubtless be employed with less likelihood of dangerous 
effects than similar operations on the right side of the sternum to 
deplete the right side of the heait 

Pericardiotomy is not .in operation lequinng an unusual amount of 
surgical skill It should be performed on the left side of the breast bone, 
as a routine, in order to reach fluid for the purpose of clearing up a 
diagnosis 01 of instituting ti eminent I cannot quite agree with Bal- 
lance’s statement in Ins recent very -valuable Biadshaw lecture that 
“aspuation of the peiicardium should be banished as a surgical prac- 
tice ’ Aspuation with a propeily selected instrument, such as the dome- 
shaped trocar of Stcwmrt ( ? ) of Halifax or the pericatdial instalment 
depicted m this pupei makes accidental punctuie of the left side of the 
heart ven impiobable 

A large hypodeimic needle, like that of the vetcunarian’s syringe, 
will probably ahvays be obtainable and maj be used to establish the 
presence 01 absence of fluid in the heart sac when pencaidiotomj is 
being considered 

The innei extremity of the space between the sixth and seventh 
ribs is sometimes absent, because of the contact of the costal cartilages 
of these nbs, just before they join the sternum This appi oxnnation 
may be such that it leaves a small slit through wdnch a needle for 
aspuation may be passed, if it wane possible to lecogmze its exact 
position, through the overlying soft parts This difficulty makes 
aspiration occasionally ineffective because the needle becomes plugged 
with a piece of cartilage during its passage tluough the wall 

This difficulty makes pericai cholomy close to the sternum in the 
sixth interspace often impossible without excision of the sternal ends 
of the sixth and seventh cartilages The exact shape of the costal 
cartilages m this region might be determined and maikecl on the surface 
by roentgenographic study prior to aspuation 

Pericardiotomy in this region, as pei formed by Pool, and permanent 
drainage for suppurative pericarditis include lesection of about an inch 
of these two cartilages His method is an excellent one if the surgeon 
believes it impossible to establish permanent drainage through an open- 
ing m a higher part of the pericardial sac I am rathei inclined to 
believe that pericardial suppuration may be successfully treated by 
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Fig 6 — Goodman’s triangular flap of thoracic wall raised The peri- 
cardium incised longitudinally affording free access to the heart The parietal 
pleura, separated by blunt dissection from the anterior wall, remains unopened 
(Courtesy of Dr Charles Goodman ) 
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means of an opening made in a higher interspace, where there is more, 
distance between the two caitilages It is my belief that pencaidial pus 
may be evacuated and the cavity drained and sterilized bv frequent 
litigation with phenol solution or smgical solution of chlorinated 
soda as may be done in pleural suppuiation It will require that the 
patient with pencaiditis should he in the prone position and have 
fiequent washing out of the cavitv I seldom, if evei, resect the ribs 
m pleunlic empvcma and I should, therefore, be inclined to do without 
it in suppuiativc pencarditis 

Dr Pool, hovvevei, has had cxpeiience with his operation bj which 
he excises subpei lostcall) the ends of the sixth and seventh cartilages 
and shows excellent lcsults 

Dissections of this region have shown me marked deviation in the 
1 elutions of the sternal ends of the costal cartilages to one another 
The shape of the xiphoid appendix of the breast bone also varies 
Operators should make themselves familial with these aberrations in 
shape and the intercostal bridges, cspeuall\ in picparing for aspiration 
01 incision of the pericardium '1 he forked shape of the xiphoid and 
its usual attachment ncai the postcrioi suiface of the gladiolus should 
be lecollected The occasional foramen in the gladiolus mav surprise one 

Diagnostic peiicauholomy should, in my opinion, be emplovcd m 
the interval between the fourth and fifth ribs or between the fifth and 
sixth ribs, wheic theie is sufficient space to admit the surgeon’s index 
fingei up to the very base In the fourth space the middle of this 
incision should be just at a point a little to the right of and below, the 
nipple, close to, but below, the upper edge of the fifth 11b If the 
fifth interspace is chosen, the wide part between the fifth and sixth ribs 
is a little fuithei tovvaid the axilla than in the fouith intei space, the 
incision should be about 6 cm long and begin, if the fouith interspace 
is taken, about 1 cm from the edge of the sternum An elliptical flap, 
with the convexity downwaul, should be turned so as to expose the 
entne width of the fouith mtei space 

It will be necessary usually to tie the internal mammal y aitery with 
two ligatures, the aiteiy then being divided between them The pleura 
may sometimes be pushed to the patient's left If, hovvevei, it is opened 
with the knife or by blunt dissection, no gieat harm is done Aftei 
opening the pencardium and exploring its intei 101 and the heait with 
the fingei , the pleural rent may be closed with a sutui e or by means 
of packing Neither wound of the internal arteiy noi opening the left 
pleural cavity will seem to be senous complications to an experienced 
surgeon If a large pneumothorax is produced by the mishap of open- 
ing the pleura, air may be withdrawn aftei the wound is closed b) 
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aspiration in the axillary line Infection of the pleura may occur, 
however, if pus escapes into it from the opened pericardium This is 
more serious 

If the pericardium is believed to contain pus, a small puncture with 
the veterinary hypodermic syringe may be made before opening the 
pericardium If pus is found by this means, a new incision may be 
made nearer the sternum or drainage may be provided in that region 
and thus the pleural cavity saved from possible contamination 

Whenever it is necessary to expose the heart for wound caused 
by a foreign body, a somewhat triangular osteoplastic flap should be 
turned up by dividing the fourth and fifth cartilages, as suggested by 
me in 1897, using the intercostal muscles as a hinge, or by the trap 
door suggested by Delorme, about the same date Delorme makes the 
hinge at the edge toward the axilla Goodman’s incision for a flap 
is lower than that suggested by me, but, I understand, that the inter- 
costal muscle also is used as the hinge for raising the trap door 

[Author’s Note — Since Lauder Brunton m 1902 (Lancet 1 352) raised 
the question of surgical attack <sn stenotic mitral valves, considerable atten- 
tion has been given to that topic Drs Duff S Allen and Evarts A Graham 
published, three months ago (J A M A 79 1028 [Sept 23] 1922) a very 
valuable study of endocardial operations on this valve by means of an elec- 
troscope and a sheathed knife introduced into the cavity of the heart of dogs 
Several animals were living several months after such experimental endocardial 
operations, performed with precision because valve leaflets are cut within the 
operator’s field of vision ] 



CHRONIC NONINFLAMM \IURV LESIONS OF THE 

KNEE JOIN] * 

MELVIN S IILNDLKSON, MD 

R0UUST1K, MINN 

J lie Knee joint is the l.ugcM joint in the both, and o ic looks at its 
sti not tire in the skeleton, only to marvel at its stability during life 
The two broad sin faces of the femur and tibia .ire fitted together only 
lightly, the round condyles of the femur resting in the slightly concave 
surfaces of the tuberosities of the tibia 'I he semilunar cartilages 
deepen somewhat the shallow fossae for the reception of the condyles, 
and to a certain extent increase stability, although they do not act as 
ligaments They' arc fibrocartilaginous and, therefore, are more prone 
to rip or to tear than they are to fracture The patella is a sesamoid 
bone, and is of importance in maintaining stability of the joint only 
so far as its association with the quadriceps muscle is concerned It is, 
therefore, evident that the strength of the knee joint must be furnished 
by a satisfactory system of ligaments, and by such support as may be 
obtained through the action of the muscles 

For the consideration of the surgeon, the knee joint may be divided 
into an anterior superior compartment (the suprapatellar pouch), and 
an anterior inferior compartment (Fig 1), which may be subdivided 
into internal and external sections containing the internal and external 
semilunar cartilage, and a posterior compartment, also subdivided into 
internal and external sections (Fig 2) The anteroposterior middle 
line, in which he the tibial spine and the crucial ligaments, divides the 
anterior compartment into two sections, inner and outer The anterior 
boundary of these sections is the anterior capsule of the joint, while 
the {posterior boundary may r be said to be the posterior margins of the 
semilunar cartilages (Fig 2) The posterior compartment is the space 
bounded behind by the jiostenor capsule from its line of reflection on 
the condyles of the femur and the tuberosities of the tibia, and by the 
bones m front It is practically r obhteiated in complete extension, but 
is larger when the knee is flexed to a right angle There is usually a 
mesial septum fastened m the intercondylar notch that divides this 
posterior compartment into internal and external sections It is of 
importance when osteocartilaginous bodies m this situation are to be 
removed (Fig 2) Were it not for this septum, one could readily 
remove a loose body from the postenor external section through an 


* From the Section on Orthopedic Surgery, Mayo Clinic 

* Read before the Idaho State Medical Association, Wallace July, 1922 
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Fig 1 — Sagittal section through the external condyle of the left femur, for 
convenience the joint is divided into compartments 


Internal and external sections o-f 
anterior cornpar+ment 



Internal and external sections cf 
posterior compartment 

Fig 2 — Head of the tibia with semilunar cartilages, position oi the anterior 
and posterior compartments 
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internal postcum incision 01 \ne \ets.t, but usually incisions must be 
made on both sides if bodies are multiple and are in cich posterior 
section 

i lie capsule of (lie knee joint, In a special system of reinforcements, 
furnishes the ligaments 'J be external lateral ligament is entirely 



Fig 3 — Intimate relation of internal semilunar cartilage to internal latera 
ligament and the lack of this relation of the external semilunar cartilage to 
the external lateral ligament 


separate from the external capsule and forms the only really definite 
ligament m this group of outei ligaments (Fig 3) The posterior 
capsule of the knee joint is a weak posterior ligament, and is of but 
little aid in preventing hyperextension of the knee joint The interna 
lateral ligament is most interesting on account of its intimate associa- 
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tion with, and firm attachment to, the periphery of the internal semi- 
lunar cartilage (Fig 3) It is difficult to define the exact extent of this 
ligament, as it extends along the entire inner side of the joint The 
internal semilunar cartilage, situated in the anterior internal section, is 
C-shaped, a little more than a half moon A few fibers of the vastus 



Ftg 4 — Posterior crucial ligament m relation to the cond>le of the femur 

mternus are prolonged down onto, and are attached to, the internal 
capsule and, therefore, to the internal lateral ligament This is of 
importance because in certain positions of the Knee joint, ar.d under 
certain actions of the quadriceps muscle, these fibers may contract and 
definitely disturb the normal anatomic relationships of the internal 
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capsule, the intcin.il lateral ligament, and consequent!} the internal 
semdunai eaitilage Iheiefotc, so far as concerns this study, the 
points of flic anatomy of the inner side of the knee joint of particular 
importance aie (1) '1 he internal Intel al ligament is not a definitely 
developed s IrucUne, in reality it is the internal capsule (2) The 
internal semilunar eaitilage is firmly attached al its periphery to the 
internal capsule (3) 1 he \astus inlernus fillers are inserted low enough 
on the internal capsule to cause, in ccitain positions of the knee joint 
and under certain conditions of muscular contraction, a distortion of the 
internal capsule and the semilunar cartilage attached to it 

The anterior external section of the knee joint is the portion between 
the external conch le .me! the outci tuberosity of the tibia, and contains 
the external semilunar cartilage 'I his meniscus is more nearly circular 
than the internal, is wider, and, again unlike the internal, is quite loosely 
attached to the external capsule of the joint (Fig 3) It should, more- 
over, be rcmcmbctcd that thcic arc no muscular fibers inserted into 
the external capsule, and, therefore, the relation of the external capsule 
to the external cartilage cannot be interfered with by any action of the 
muscles 

The crucial ligaments, situated in the middle of the joint are of 
great aid in furnishing stability to the knee joint The posterior 
crucial ligament runs from the spme of the tibia upw'ard, forward and 
linvarci, to be inserted anteriorly in the external surface of the internal 
condyle of the femur in the intercondylar notch, thus preventing the 
tibia from slipping backward on the femur It also has some effect in 
limiting extreme flexion, but the impaction of the calf against the 
(high is, in reality, the mam check to excessive flexion Therefore, it 
may be assumed that the chief function of the posterior crucial ligament 
is to stop the tibia from slipping backward on the femur, or \ice 
versa (Fig 4) 

The anterior crucial ligament runs from the tibia! spine backward, 
upward and outward, to be inserted posteriorly' on the internal surface 
of the external condyle of the femur m the intercondylar notch This 
ligament prevents hypei extension of the knee and slipping forward of 
the tibia on the femur, or vice versa 

The patella is occasionally guilty of both habitual outward dislo- 
cation and fracture Displacement lmvaid is extremely' rare, first, 
because the inner condyle of the femur is high, which prevents it from 
sliding inward, and, second, because the external capsule, as it runs up 
to the patella, is shorter and stionger and has not the degree of 
elasticity of the internal capsule Genu varum or knock-knee is more 
common than the genu valgum or bow-leg, particularly in women Even 
a slight degree of knock-knee tends to throw the patella outward This 
can easily be demonstrated on any' patient with knock-knee If a plumb 
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line is dropped down the middle of the thigh to the ground while the 
patient is standing erect, the part of the patella to the outside of the 
line will exceed that portion to the inside 

The knee joint is superficially placed, and effusions are easily 
detected The suprapatellar pouch is connected with the main part of 
the knee joint, and acts as a safety reservoir for chronic effusions Not 
infrequently the suprapatellar pouch of the knee joint is distended so 
that it extends 10 or 12 cm above the patella 

The only nerves and vessels of importance about the knee joint are 
located posteriorly in the popliteal space, and at the head of the fibula 
where the external popliteal nerve winds its way around to the front 
of the leg During operations, care must be taken rot to cut the 
internal capsule too freely, or it may be weakened and fail to serve as 
an efficient internal lateral ligament 

The knee joint is essentially a hinge, and the motions permitted are 
flexion and extension Slight lateral and rotary motions are permitted, 
however, in certain positions, which is of extreme importance in the 
production of certain pathologic conditions Accepting Clark’s 1 classifi- 
cation as a basis for recording joint motion, 180 degrees are attained 
with the knee in full extension The angle at which the lateral and rotary 
motions are permitted is between 150 and 170 degrees, and may be 
spoken of as the “arc of weakness” of the knee joint The last motion 
in full extension of the knee is slightly rotary This is due to the fact 
that, when the knee is extended and the person is standing, the line of 
weight-bearing runs through the external condyle of the femur and the 
external tuberosity of the tibia As the movement of extension is com- 
pleted, the internal condyle rolls slightly forward and outward on the 
internal tuberosity of the tibia 

Hyperextension of the knee joint is limited chiefly by the anterior 
crucial ligament, but this fact is of little practical importance in this 
study The posterior crucial ligament, however, limits the sliding 
backward of the tibia on the femur, and is of importance since man) 
times persons walking or running meet obstructions, such as a bump 
on the shin, which block the forward motion of the leg The body 
above the knee then tends to go forward and is stopped chiefly b) the 
action of the posterior crucial ligament (an important point in con- 
sidering the etiology of loose bodies m osteochondritis dissecans) until 
full extension is reached, when the anterior crucial ligament, the pos- 
terior capsule, and the hamstrings are called into pla\ The foregoing 
brief re\ie\\ of the anatom) and plnsiolog) of the knee joint forms a 
foundation for the points under discussion (1) sprains, (2) rupture 

1 Clark W \ \ Protractor for Measuring Rotation of Joints J Ortlin]> 

Surg 3 154-155 (■Xpril) 1921 
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of the cniaa! ligament'', (4) mtra-.u titular ft.icture of the knee joint, 
(4) learning dislocation of the patella, (5) old unumted fracture of 
the patella, and (6) intrinsic mechanical derangement, due to the semi- 
lunai caitilages and loose bodies 


S1*R \in 

llus condition of the knee joint is not uncommon, pirticularly in 
persons participating in actne sports, such as football, baseball, tennis 
and hurdling '1 he internal lateral ligament is nnohcd in most 
instances 4 he differentiation of damaged internal semilunar cartilage 
and sprain of this ligament is not a!\\a\s easy , hut there is no locking 
with a sprain, and, as a rule, a full range of passu c motion is per- 
mitted Efiusion may follow either condition, but it more often 
follows injury to the cartilage Rest m the extended position for a 
few days, followed by baking and massage, usually rehc\es the patient 
When pain and tenderness persist, raising the inner side of the sole and 
heel often affords great relief by remocmg the strain from the internal 
lateral ligament 

RUPTURES 01 Till' CRUCIAL I.IG\Ml NTS 

From time to time, articles ha\c appeared in the literature, par- 
ticularly' in the English literature, on the restoration of ruptured 
crucial ligaments The objective symptoms arc apparently quite definite 
If the anterior crucial ligament is torn, hy pcrcxtcnsion of the knee is 
permitted and the femur slides backward on the tibia, or the tibia may 
slide forward on the femur When the posterior crucial ligament is 
tom, the femur may he pushed fonvard on the tibia, or the tibia 
backward on the femur Rupture of these ligaments occurs rarely 
I have yet to see a patient with a long-standing disability tint could 
be traced definitely to ruptured crucial ligaments Therefore, it w r ould 
appear that the condition is infrequent, and, at least, that the danger 
resulting from ruptured crucial ligaments has probably been over- 
estimated I have treated a few patients who had clearly' demonstrable 
ruptured crucial ligaments at the time of the original injury, but by 
merely placing the patient’s leg m a plaster-of-Paris cast, in a slightly 
flexed position, excellent function has been obtained 

THE INTRA- ARTICULAR FRACTURES Or THE KNEE JOINT 

Severe direct trauma to the knee joint may produce fracture of 
either the internal or external tuberosity of the tibia or of the condyles 
of the femur I speak of this condition because patients are often 
seen who, following such an injury, complain of arthritis, with pain 
on motion Very' little can be done for such patients, short of an 
arthrodesis, which most of them, quite properly, will not permit In 
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a consideration of the effect, the cause also must be considered, and 
the question comes up as to whether much can be done when the 
fracture is first sustained As a rule, these fractures are the result of 
severe trauma, the spongy bone is crushed, and, unless the displacement 
is marked and accompanied by little destruction of bone substance, it 
is very doubtful whether even an open operation would secure any 
better replacement of the fragments Such cases are troublesome to 
handle, and, as I have said, m this particular type of injury, prolonged 
fixation m a cast or splint is prone to leave a stiff joint Early motion 
is essential, and if it can be carried out under extension, the pam is 
less severe The use of a modified Thomas splint with a joint at the 
knee is convenient The regular measures of physiotherapy should be 
persisted in until soreness leaves the joint After that, free, active use 
is the best Many patients are left with more or less permanent 
disability 

RECURRING DISLOCATIONS OF THE PATELLA 

The patella always dislocates outward Patients may insist that 
the dislocation is inward, believing that the prominent internal condyle 
of the femur which is so noticeable during the dislocation, is the 
patella Many operations have been devised for this condition, and 
all have been more or less satisfactory The method I have found 
quite satisfactory is relatively simple, that is, merely reefing the inner 
capsule, and overlapping it broadly after lengthening the outer capsule 
It is not necessary to open the cavity of the knee joint, although there 
is no serious objection to doing so Dislocations of the patella are more 
commonly seen in women, in many instances, there is undoubtedly a 
familial tendency Albee 2 advocates raising the outer condyle of the 
femur by placing a wedge-shaped piece of bone m it He contends 
that the dislocations are the result of malformation due to imperfect 
development of the external condyle, and there seems to be a foundation 
for this argument 

OLD UNUNITED FRACTURES OF THE PATELLA 

Such fractures, with wide separation of the fragments, are difficult 
to treat The disability may be great, on the other hand, certain 
patients accommodate themsehes remarkably veil to the condition 
The object of the treatment is to obtain bony union A. common 
fracture is one in which the lover fragment is small and the upper 
fragment is large, the distance between the fragments being 6 or 7 cm 
It seems almost impossible to bring these fragments together as the 
quadriceps will not stretch enough to permit it and there is absolute!} 

2 Albee, F H Orthopedic and Reconstruction Surgen, Philadelphia 
W B Saunders Compam, 1919, p 627 
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no stjekh in the jutell.u ligament 1 make a long sit night incision 
in the middle lint, expose the fragments regardless of the degree of 
exposme o f the joint, and fiesfitn the ends ot the fragments until 
gotxl hone is leathtd \ot mfrequenth . the lower fr.igmcnt will be 
tilted so that the fruitiued stttf.ut fates forward In attempting to 
tning the fiagmtnts together, little tan he gained h\ lengthening the 
patellar tendon 'Iheretore tin upper fragment must be brought dowm 



Fig 5 — Ununited fracture of the patella of two tears' duration 


to the lower, even if it is necessary to dissect the upper entirely free 
from its attachments, making a veritable bone graft The gap left by 
the patella, where it is removed fiom the quadriceps, is obliterated by 
sewing the muscle and fascia together , tissue is sewed around the 
patella in its new position, and the coapted fiagments are held in place 
bv the aid of beef bone screws (Fig 5) The mam point to e 
remembered is that the fragments must be brought togethei without 



HENDERSON— KNEE JOINT 


127 


tension, no matter what material is used to hold them, beef bone 
screws (Fig 6), kangaroo tendon, or wire In the after-care, slight 
passive motion is commenced in about four weeks, and, soon after, 
slight active motion is encouraged It is true that it takes time, probably 
six months or a year, for flexion to a right angle to be obtained, but 
satisfactory motion almost invariably returns 

INTRINSIC MECHANICAL DERANGEMENTS OF THE KNEE JOINT 

The semilunar cartilages are the most common cause of mechanical 
derangement, and the internal semilunar cartilage is by all means the 
most common source 

A great variety of tears in the internal semilunar cartilage has 
been described and much has been written on this subject by English 
authorities 3 Morison 4 has described in detail the various tvpes of 
fracture commonly met One type in particular, the bucket handle, 
named because of its resemblance to the old fashioned leather handled 
bucket little known in America, seems to be the most common 
Perhaps the more appropriate term for such a fracture or tear would 
be the loop type of tear The cartilage, which is torn longitudinally 
near its attachment to the internal capsule in the middle three-fifths 
is left attached at the anterior and posterior one-fifth, and the loop 
thus formed lies m the intercondylar notch (Fig 7) This position 
of the loop prevents full extension of the knee and causes locking The 
internal semilunar cartilage is the cause of mechanical derangement 
probably from twenty to thirty times more often than the external 
Sir Robert Jones 5 has said that a damaged internal semilunar cartilage 
may cause symptoms on the outer side of the joint If the external 
cartilage is at fault, it is more likely to be detached at its periphery 
and crumpled, although it may also be torn 

When the knee is flexed at an angle of about 160 degrees and the 
foot everted, throwing the body weight on the leg causes a strain on 
the internal lateral ligament In this particular position, slight lateral 
mobility is permitted, and the semilunar cartilage is placed deeper 
in the joint than in any other position, thus rendering it more liable to 
be caught by the internal condyle of the femur as it rolls down during 
the act of extension The final part of extension has in it a slight 

3 Jones, Robert Notes on Derangements of the Knee, Based upon a Per- 
sonal Experience of Cher Fi\e Hundred Operations Ann Surg 1 959-1001, 
1909, Internal Derangements of the Knee, Lancet 2 297-300, 1914 Martin, 
quoted hj Morison, R Injun to the Semilunar Cartilages of the Knee Lancet 
1 604-607, 1909, Injuries to the Semilunar Cartilages of the Knce-Ioint Cl i a J 
42 1-7, 1913 

4 Morison, R References gnen m Footnote 3 

5 Jones, Robert References gnen in Footnote 3 



Fig 7 — The common type of tear, called by Rutherford Morison the bucket 
handle fracture", the loop prevents extension 

) 
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screwing, twisting motion on the part of the condyle of the femur, a 
movement particularly liable to catch the internal semilunar cartilage 
If this happens, the act of extension must be stopped at once, which 
is exceedingly difficult, or something will give way The cartilage will 
tear from its moorings on the internal capsule, or, as usually happens, 
it will rip or tear in its substance The type of tear or fracture of 
the cartilage depends on the manner in which it is caught 

The external semilunar cartilage, because of its loose attachment 
at the periphery to the capsule, has a certain laxity that the internal 
meniscus lacks, and usually manages to slip out of the way if threatened 
with crushing by the external condyle If it is caught, howeaer, it 
tears loose from its moorings before its substance tears, owing to its 
loose attachment to the capsule The symptoms produced by injury 
to the external semilunar cartilage are variable Extension or flexion 
may be prevented, depending on the exact position of the crumpled 
cartilage 

The story commonly told by the patient who presents himself with 
derangement of the knee joint attributable to the semilunar cartilages, 
particularly the internal, is more or less typical The injury usually 
occurs during some active pursuit, either work or play When it occurs, • 
the knee is partially flexed and the foot everted, thus throwing the 
strain on the internal side of the knee joint, and, as extension is 
attempted, sharp pain is experienced The patient may grasp the knee 
and fall to the ground, fairly writhing in pam He often speaks of 
the knee as being dislocated Effusion is fairly rapid in onset, and 
sometimes quite extensive, pam persists, and, unless the cartilage is* 
reduced, may last for several days If a physician is not available, the 
patient may get somebody to pull his leg, a sudden snap will be felt, 
and immediate relief experienced Recurrences are common The 
patient may say that during the attack a protuberance may be felt in 
the anterior internal aspect of the knee joint The knee joint should 
not be opened if there has been but one attack, unless, after manipula- 
tion, a satisfactory reduction cannot be obtained 

A patient who has had recent locking may need an anesthetic, but 
this is a matter to be determined in each case The patient should be 
on his back, with the thumb or finger of the surgeon placed o\er 
the anterior aspect of the internal semilunar cartilage and the knee 
flexed As the knee is extended rapidly, pressure being steadih exerted 
over the anterior extremity of the cartilage the cartilage may dij> into 
place If the patient is not under an anesthetic, a great deal of reliance 
should be placed on -whether he feels that things are right in the joint 
If complete extension cannot be obtained ba manipulation and the 
patient still insists that the joint does not feel right an expiration 
is justifiable and, in most cases of this character the loop tajie of tt^r 
will be found 
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In some inst.uues, it is difficult to del ct mine whether the symptoms 
me due to damage of the int< rnal Mmiiluiui cartilage, or of die external, 
hut, ns n nilc, if tlic. inteiu.il suniluu.u cartilage is imohed, the 
s) mptonis au confined to the ninei sule of the joint, and if the external 
senulun.tt is imohed, this me confined to the external side, although 
\anations fiom tins nile may he found 

\\ hen the lockings are so frequent as seriously to annoy the patient, 
surgery should he lcxorted to, although no sit rule can he followed with 
regard to the number of hx kings that determine this point The 
antcijoi internal incision is the incision of choice for remoung the 
internal meniscus, and the atilertot external incision for removing the 
external meniscus 

The aseptic measures required in operations on the knee joint are, 
f behece, no more 01 less than those ncccssaty for any aseptic surgery 
It has been my expet lentc that, if the rigid technic common to all 
properly conducted opciations is obsened, there is no necessity for 
the c\ccssi\c precautions often followed in operating on the knee joint 

The knee is washed and sinned and an alcohol dressing applied the 
day before the operation In the morning, the patient is brought to 
the operating room, the dressing remoccd, and the ordinary benzene 
and lotlin preparation carried out The operation is performed with 
the tourniquet Skin towels arc used, and the cartilage is carefully 
handled with instruments If occasion demands, liowecer, I lime necer 
hesitated to introduce the gloved finger into the knee joint More 
than 300 mechanically deranged knee joints ha\c been opened in the 
Mayo Clinic without infection I do not bcliecc that the technic at 
the time of operation is responsible for most surgical disasters due to 
infections, more often the cause of these infections can be traced to 
inefficient preparation and sterilization of the materials used After 
the injured meniscus has been removed, the wound is closed in the 
ordinal y manner, laj'er by layer, with silkworm and ordinary^ dermal 
sutures for the skin A plastei-of-Pans cast is applied and wmrn for 
one week 

Another cause of mechanical derangement is the presence of osteo- 
cartilaginous loose bodies c These bodies produce locking or derange- 
ments of the joint by slipping between the joint sui faces and becoming 
caught As a rule, the locking is only transient, and the following 
effusion is less m amount and the pain less acute than in the locking 
due to the semilunar cartilages These loose bodies are produced in 
various ways, and they are of chief interest when consideied from an 

6 Henderson, M S Loose Bodies in the Elbow-Toint, J A M A 71 
177-180 (July 20) 1918, Osteocartilaginous Joint Bodies, Railway Surg J 
25 49-53, 1918, Loose Osteocartilaginous Bodies in the Shoulder-Joint, Am J 
Orthop Surg 16 498-500 (Dec ) 1918 
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etiologic point of view There are three definite conditions causing 
their formation, (1) osteochondritis dissecans, (2) hypertrophic 
arthritis, and (3) osteochondromatosis 

In osteochondritis dissecans, there are rarely more than one or 
two bodies which arise from the internal condyle of the femur (Fig 
8), internal and anterior to the insertion of the posterior crucial liga- 
ment 7 Koenig, 8 in 1887, described the condition and attributed it to 



Fig 8 — Osteochondritis dissecans, showing loose bod\ hmg m its ca\itj on 
the internal cond\le 


a blockage in the end-artery supphing this area on the internal cond\le 
Other authorities have attributed it to trauma alone but trauma per 
se seems an insufficient cause In such cases the joint surfaces ot the 
knees are peculiarh brittle, and not mfrequenth the condition is 

7 Ridlon T Osteochondritis Dissecans I \ \f \ 61 1777-1779 (\o\ 
15) 1913 

8 Koeirnr Ueher freie Korper in den Gelenhen Duit-ch 7nchr i Cl’ir 
27 90-109 1SS7-1S8S 
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present in both knet ^ Attention hns been directed to the fact that 
the postcrioi ctiuul ligament dctiniteh pi exults backward displace- 
ment of the tihi.i on the femur, or forward displacement of the femur 
on the tibia It max be that hi cause of the constant pull thus throxvn 
on the uncial ligament, and trom it to this area, for example, in 
x\, dkmg doxx nstati s, this portion of the eondxle becomes dexitahred 



Fig 9 — Loose bodies due to hypei trophic arthritis 


in a person with brittle joint surface, and a piece becomes loosened 
This, however, is only a partial explanation Freiberg 0 has recently 

9 Freiberg, A H Osteochondritis Dissecans, unpublished Freiberg, 
A H, and Wooley, P G Osteochondritis Dissecans, Concerning Its 
and Relation to Formation of Joint Mice, Am J Orthop Surg 8 ~ ’ 

1910-1911 
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contended that the spine of the tibia, by abutting against this area, 
might have something to do with the production of loose bodies 
Uncommonly, the external condyle may form loose bodies Lamson 10 
has reported one arising from the tibia Blanco 11 reported a case in 
which hypothyroidism was present and might have been a factor 

In hypertrophic arthritis, loose bodies may be produced by the 
marginal osteophytic growths breaking off and dropping into the joint 



T.hey wander about m the fluid and increase in size (Fig 9) If the 
bodies are due to hypertrophic arthritis, four, five, or even more, may 
De present in a joint, this is more usual m elderly persons 

10 Lamson, O F Movable Bodies in the Knee-Joint, Surg, G\nec &. 
Obst 33 490-493 (No-v ) 1921 

11 Blanco, P Report of a Case of Loose Osteocartilaginous Bodies in the 
Knee-Joint, J Orthop Surg 3 104-10S (March) 1921 
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In ostcoihnmhoimtoMs ( 1* itr 10), the wnmial membrane lakes on 
an unusual pi open tv of lot mini; nMioiurtikigmom bodies 11 1 he bodies 

in stu.li instances uuv tenth a huge numbei , llie knee joint feels like 
a sack ot maibles Rare eases haw. been letordul m which hundreds 
of bodies have been lemmed fiom one joint Win this occurs is 
difficult to eletctniine 'lliuc nia\ he .in earl) Instore of trauma, but 
in studvmg the development of the knee joint in the etnbrvo, it is tound 
that the s\nowal memhiane has dec eloped m the same mesial lajer 
of the blastema as base the cartilage and hone making up the joint, a 
fact that affords possible explanation in the development of the 
embrvo cells mac have become misplaced which, later m life, take 
on pi open tics not familiar to the normal cells, and produce cartilage 
and hone '1 he condition mac well he likened to a benign neoplastic 
tumor 

'1 he presence of the bodies alone is an indication for their removal 
It is possible to do this under local anesthetic m main instances Quite 
infrequent!), however, then art tarried m the suprapatellar pouch for 
)cnrs, without trouble, and it is onlv when tliev wander down into the 
true joint and become caught between the joint surfaces, that the) cause 
symptoms of am consequence Loose bodies .ore occasionally seen m 
a Charcot joint, but are of no surgical significance 

If the bodies are multiple, and their location is a little uncertain, 
although anterior, the split-patella incision is the incision of choice 
By this means, a thorough search of the suprapatellar pouch and 
anterior compartment can be made If, however, the bodies ’odge in 
the posterior compartment, and cannot be forced through into the 
anterior, the posterior internal and the posterior external incisions 
which 1 13 have described previously arc the incisions of choice, as bv 
this means, with the knee m a flexed position, a thorough search of 
the posterior capsule can he made 

SUMMARY 

In my experience, ruptured crucial ligaments have never been the 
cause of significant chronic mechanical trouble m the knee joint Prob- 
ably the ligaments unite and afford stability, or patients are able to 
get along without them 

The treatment of old intra-articular fractures of the knee joint is 
practically nil, short of arthrodesis The patient must put up with 
disability and pain or accept arthrodesis Early motion is to be 
encouraged 

12 Whitelocke, R H A Loose Bodies in the Knee Special Reference to 
Their Etiology and Growth, Brit J Surg 1 650-664, 1914 

13 Henderson, M S Posterolateral Incision for the Removal of Loose 
Bodies from the Posterior Compartment of the Knee-Joint, Surg, Gjnec & 
Obst 33 698-699 (Dec ) 1921 
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Recurring dislocations of the patella are more common in women, 
and the simple reefing operation on the inner side, with lengthening 
on the outer side, has been as satisfactory as any procedure 

In old fractures of the patella, the fragments must be brought 
together without tension, regardless of the amount of dissection neces- 
sary to bring this about It is practical and safe to free the upper 
fragment and to use it as a graft to the lower 

The semilunar cartilages are most commonly the cause of mechanical 
derangement, and the internal is the chief offender This is due to 
the fact that the internal semilunar cartilage is firmly attached to the 
capsule and has not the fortunate mobility that is accorded to the 
external , it cannot slip out of the way and it may become nipped 
between the condyle of the femur and the head of the tibia 

The term “loose semilunar cartilage” when applied to the internal 
meniscus is a misnomer One should speak of a torn or fractured 
internal semilunar cartilage The external semilunar cartilage may be 
spoken of as “a loose cartilage,” as it is torn from its moorings and 
crumpled, and not necessarily fractured or torn in its substance 
Repeated lockings demand the removal of the semilunar cartilages 
Osteocartilaginous loose bodies may cause mechanical derangement 
of a more distinct type They occur in osteochondritis dissecans, in 
hypertrophic arthritis, and in osteochondromatosis The presence of 
these bodies, other things being equal, is cause for their removal 
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Gastro-enterostoim has attained an important and standard position 
as a suigicul procedure * s met the introduction of the anterior gastro- 
enterostorm In Wohler and Ihllroth in 18S1 and the posterior 
gastro-cnteiostonn In \ on I lather nr 1885, the operation has been 
itnpimcd step In step \s a result of refinements in technic, the 
complications and 'sequelae of gastro-enterostoim ha\c lieen steadily 
runened, until today it is regarded, gcnerailv, as a safe and dependable 
operation I low e\ or, tin possd>iht\ of the oeeurrctiec of gastrojejunal 
ulcers following gasuo-entcrostoim is stdi a menace to the patient and 
is considered b\ Wnymhnn and others as the most important sequel of 
gust ro-cntei ostomy 

In 1897 Biaun reported the first ease of jejunal ulecr following 
gastro-cntcrostom) Quenti, m 1902, published the first case reported 
from France, and Mayo-Rohson described the first case from Eng- 
land, in 1904 After the attention of surgeons was directed to this 
important condition, the numbet increased ■\ early Gosset 1 2 was able to 
collect thirty-one cases m 1906 XV J Mayo,” in 3910, had observed 
only three cases m 1,141 gastro-cntcrostomics , but Etisterman, 3 4 5 6 7 from 
the same clinic, ten years later, reported foity-se\cn cases in 3,700 
gastro-cntei ostomies (13 per cent ) performed by them and also thirty- 
six cases in patients who had been operated on elsewhere Wright 4 
was able to collect 170 cases in 1917 Rowlands/’ fiom a detailed 
review of the cases reported, believed that gastrojejunal ulcer occurred 
in about 1 5 per cent of all gastro-cnterosloimcs Coffey 0 had 1 2 per 
cent of ulcers in his series of simple gastro-enterostomies Reports 
from Von Eiselberg’s clinic for a period of ten years showed less than 
2 per cent of ulcers following simple gastro-entei ostomy Haberer 
recently reported only three jejunal ulceis m 265 simple gastio- 
enterostonues 


i ‘ From the surgical department of Rush Medical College 

1 Gosset Rev de chir 33 54, 1906 

2 Mayo, W J Surg Gynec & Obst 10 22 7, 1910 

3 Eusterman, G B Minnesota Med 3 517 (Nov ), 1920 

4 Wright, G Brit J Surg 6 390, 1917 

5 Rowlands Guy’s Hosp Gaz 27 149, 1913 

6 Coffey, R C Surg Gynec & Obst 24 350 (March) 1917 

7 Haberer Arch f Mm Chir 117 50, 1921 
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The type of operation employed has evidently had some bearing on 
the formation of gastrojejunal ulcer Moynihan, 8 quoting from data 
compiled by Von Roogen, found, in 613 gastro-enterostomies, ten 
cases of gastrojejunal ulcer, of which six (3 2 per cent ) occurred 
following 189 anterior gastro-enterostomies and four (19 per cent ) 
following 444 posterior gastro-enterostomies In the cases of gastro- 
jejunal ulcer collected by Gosset, twenty followed the anterior operation 
and seven the posterior operation Wright, in a series of 170 cases, 
found that the anterior operation had been performed in seventy-two 
instances and the posterior in fifty-nine Most observers agree that 
these gastrojejunal ulcers are more frequent following the anterior than 
the posterior gastro-enterostomy Artificial closure of the pylorus 
seemed to favor the occurrence of gastrojejunal ulcers Von Eiselberg 
reported only four ulcers following 344 simple gastro-enterosotomies, 
while three cases occurred in thirty-six gastro-enterostomies in which 
pyloric occlusion was added to the operation Haberer reported four- 
teen gastrojejunal ulcers in seventy-one cases in which the pylorus was 
artificially closed, as against three gastrojejunal ulcers following 265 
simple gastro-enterostomies Coffey observed but one gastrojejunal 
ulcer m eighty-three simple gastro-enterostomies, and two in twenty-two 
cases in which pyloric occlusion was used 

Gastrojejunal ulcers occur in two general types The acute per- 
forating form is a flabby ulcer with soft walls There is little or no 
reaction in the surrounding tissues and the ulcer has a tendency to 
rupture into the peritoneal cavity The chronic indurative form is a 
hard ulcer with a rigid wall and a definite local inflammation, with the 
formation of adhesions It may perforate into the colon or some other 
neighboring organ, or may form a localized abscess appearing in the 
epigastrium 

The location of the ulcer may be on the suture line or in the jejunum 
near the stoma Those ulcers on the suture line may involve the 
stomach or jejunum or both and should be termed gastrojejunal ulcers, 
as suggested by Mayo The other group which occur m the jejunum 
alone may be designated as jejunal ulcers Man) of them are situated 
in the jejunum, directly opposite the gastro-enterostomy opening The 
remainder are located within a few centimeters of the stoma, usually 
in the efferent loop 

The cause of the formation of these ulcers following gastro- 
enterostomy is still unknown Most writers believe that the factors 
responsible for gastrojejunal ulcers are not the same as those which 
produce the jejunal type 


S Mojmhan, B Brit M J 2 33 (Jul\ 12), 1919 
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Ciastjojcjun.il uKcrs have gtturallv been ascribed to errors in 
tcclum Non.ibsoi bnble suimts have been found embedded in these 
itlee'js In Movnihan. \\ right, Poole."’ llutihison." Gronntrud 12 

and oilicis 1 hex bebexc that the use of silk or linen sutures, which 
are fiequentiv letauud m the bowel wall for a long period of time, are 
responsible for the oecin rente of these ulcers Paterson, 11 however, 
does not believe that the indictment of nonabsorbable sutures is justi- 
hable WooKco 11 has t epm teel a case in which the patient had all the 
sv mptoius of ,t q.istroje junal ulcer \t operation a loop of silk was 
found dangling trom the edge of the stoma, but there were no signs of 
an ulcer Removal of this suture t tired tin patient Marginal ulcers 
have been repmted in Delore and Convert 1 m tasts in winch catgut 
alone bad been used \\ right found one ulcer in tourtcen eases following 
the use of a button for intestinal anastomosis Inaccurate coaptation of 
the mucous membrane is rtgaided as a cause In Paterson, Movnihan 
and Rocder " Pi lore and Convert, 1 however, have* reported five ca«es 
of marginal ulcer following gnstto-ente rostonnes in which the} had 
used a three row suture, with careful approximation of the mucosa 

P.ruising of the tissues bv clamps is given as a cause in Movnihan !l 
and Ivv ,s Paterson n disagrees with this idea, as main of these ulcers 
have occurred m places that were not touched i>> the damps Delorc 
and Convert did not use clamps m the five eases referred to above, but 
all the ulcers m their cases were of the marginal tv pc Paterson and 
Delorc and Convert believe that the sjmptoms of gastrojejunal ulcer 
appear too long after operation to he due to the traumatism of clamps 
It is well to remcmbei, however, that main gastric and duodenal ulcers 
have long periods of remission during which the} produce no svmptoms 

Cosset 1 believed that pvloric obstruction with dilatation of the pyloric 
end of the stomach tended to produce these ulcers More recently 
Iiabercr " and Von Eisclbcrg have shown that the percentage of gastro- 
jcjunal ulcers following artificial p>lonc closure is main tunes greater 

9 Mnjo, W J Boston M & S J 170 149, 1914, Ann Surg 57 691 1913, 
ibid 55 398, 1912, ibid CO 220, 1911 

10 Poole, E II Ann Surg GG 122, 1917 

11 Hutchison, R Bnt M J 1 535 (Maj 3) 3919 

12 Gronncrtid, P Ann Surg GG 377 (Aug) 1917 

13 Paterson, H J Internat J Surg 33 138, 1920 

14 Woolsey Ann Stirp 66 323, 3917 

15 Delorc and Comert Rev dc clnr 58 2S, 1920 

16 Roeder, C A The Relation of Surgical Technic to Gastrojejunal 

Ulcer, Arch Surg 3 622 (Nov ) 1921 

17 Moynihan, B Tr Am Surg A 21 135, 1903 

18 Ivy, A, C Studies on Gastric and Duodenal Ulcer, J ^ M A 75 
1540 (Dec 4) 1920 
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than the percentage following gastro-enterostomy alone Haberer 
believes that closing the pylorus stimulates the action of the acid pro- 
ducing pyloric portion of the stomach, resulting m secondary ulcer 
formation about the gastro-enterostomy opening He strongly advo- 
cates performing a pylorectomy and asserts that gastrojejunal ulcers 
do not occur after this operation 

Hematoma formations at the time of operation, due to needle pricks, 
clamps or digital bruising, are mentioned as a cause by Moynihan and 
Mayo Dean Lewis believes that marginal ulcers are usually due to 
hematomas that occur on the suture line 

Hyperchlorhydria and excessive gastric secretion are given a promi- 
nent place m the causation of secondary ulcers, especially of the jejunal 
type, by most observers Paterson says that this destructive type of 
gastric juice may be a persistence of the kind present before operation, 
or it may be due to a lack of neutralization if the biliary and pancreatic 
juices are directed away from the stomach by operations Bastedo 19 
asserts that the neutralizing action of the bile and pancreatic fluid is 
not very great, as shown by observations made m a case of cholecyst- 
gastrostomy Wilensky and Crohn have found the highest acidity when 
the amount of bile was greatest in the stomach Many writers believe 
that the highly acid gastric juice acts as a chemical trauma to the alka- 
line jejunal membrane, especially in those cases m which the ulcer forms 
opposite the stoma Paterson points out the fact that jejunal ulcers are 
more frequent following anterior gastro-enterostomy m which so often 
an entero-enterostomy has also been performed He also calls attention 
to the fact that the gastric acidity is highest m cases of duodenal ulcer 
and that jejunal ulcers occur most often following gastro-enterostomies 
performed for the relief of duodenal rather than gastric ulcers 

The impression derived from the literature is that errors in technic 
are the principal causes of gastrojejunal ulcers Hyperchlorhydria and 
excessive gastric secretion are thought to play a part in the production 
of gastrojejunal ulcers, but they are regarded as the essential cause 
of jejunal ulcers 

In order to obtain more definite information in regard to the cause 
or causes of gastrojejunal ulcers following gastro-enterostomies, a senes 
of experiments was performed on dogs From the literature it was 
found that Watts, 20 in 1903, reported two ulcers which he found in the 
jejunum of a dog, three months after an anterior gastro-enterostomy 
had been performed He had used two rows of silk sutures and some 
of the silk was still dangling in the stoma, but the ulcers were not on 
the suture line but in the jejunum, opposite the stoma There was no 

19 Bastedo, W \m J M Sc 160 491 (Oct ) 1920 

20 Watts Bull Johns Hophms Hosp 14 191, 1903 
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silk found m oitluM ol tin ulois Cannon and Blaki =' working with 
cats, found an ouasional jejuna! uku Jolhnsmg gustro-cnttrostom} 

1 lie uli (is suit* lmatcfl opposite tin stoma or mar it Iss has 
a polled five ukeis which lie found m fort\ flogs that had been sub- 
jected to pslmectnnn and gastrodviodcnostoim In three cases the 
ukeis sscie of the acute perforating tspe ami occurred within fi\e 
weeks after open at ion 1 he ukeis ni the othei two eases were of the 
eluotuc i.iiuti and were found eight and eleven months, rcspcctneh, 
aftei opeiation None of the ukeis weie located on the suture line 
Ml fisc of these dogs had somited a great deal and had become scverel) 
emaciated Iss behests that the ulcers wcic due to cachexia from 
unpioper die t and also to the vise of clamps I It suss that no ulcers liase 
oeetined in dogs which he has since operated oil, if he has careful!) 
regulated then diet and used damps nurds lor approximation and not 
for hemostasis ( >ronutrud states that he h is found ulcers in dogs follow - 
mg gastro-i nterostotm hut giscs tm particulars m regard to them He 
attrihutes their foiniation to nonabsorbable sutures and the use of 
damps P.ors/cks " nariosscd tin pslorits and performed a gastro- 
enteiostoins m tsselse dogs lhts vtie gisen 1 ounce (30 cc) of 
diluted hsdrochlorie acid, d.uh lie found a jejunal ulcer in onls one 
of the tsselse dogs 

Follossmg out this line of ssork, I'xalto 11 dtsided the duodenum at 
the pslorus in scsen dogs, dosed both ends and then performed a 
posterior gastro-enterostoms , using clamps and tluee ros\s of sutures 
lie put all scsen dogs on a meat diet and gase sj\ of them 50 c c of 
diluted hsdrochlorie acid, dads None of these dogs developed an ulcer 
He repeated these opeiations m seven othei dogs, but in addition he 
divided the jejunum proximal to the anastomosis and closed both ends 
of the sectioned bowel lie then anastomosed the proximal loop to 
cither the small or large boss cl near the cecum, thus dwelling the biliary 
and pancreatic fluid entirely ass a) from the gastro-enlerostorm Fwo 
of the dogs were fed on a mixed diet and the other five were given a 
meat diet and 50 c c of diluted lnchochloric acid daily Six of the 
dogs shossed a jejunal ulcer at necropsy One of the clogs that had 
been fed on meat and diluted lndrochlonc acid showed no evidence of 
an ulcer In foui animals, the ulcers sseic multiple All the ulcers 
were located m the jejunum opposite the stoma, except m one case in 
which the ulcei svas located m the blind end of the jejunum 

In our experiments, gastro-cnterostomics sveic performed on dogs 
by various methods, undei ether anesthesia An aseptic technic was 

21 Cannon and Blake Ann Surg 41 686, 1905 

22 Bors7eky Beitr f khn Clur 57 56, 1908 

23 Exalto Mitt a d Gren?geb d Med u Clnr 23 13, 1911 
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carried out m ever)'- case and clamps were used, but not for hemostasis 
The pylorus was not closed in an) of the operations If the dogs did 
not die in the meantime, they were allowed to live several months and 
were then killed 


REPORT OF EXPERIMENTS 

Group 1 — A posterior gastro-enterostomy was performed on five dogs, using 
a two row continuous catgut suture In two of the dogs, before taking the 
final row of stitches, a hematoma was produced along the suture line by piercing 
a blood vessel with a needle subperitoneally, near the cardiac angle of the 
anastomosis One of the three dogs without hematoma formation died on 
the third day after operation from a perforation along the suture line The 
other two dogs died of respiratory infection, twenty-two and fortj'-seven 
days after operation There was no ulcer found in either of these animals 
at necropsy Of the two dogs in which a hematoma had been produced at 
operation, one died of a respiratory infection twenty-six days after operation 
At necropsy a very definite ulcer was found m the jejunum, bordering on the 
suture line (Fig 1), at the cardiac angle of the stoma The ulcer was of the 
chronic indurative type, 6 by IS mm in size, and occupied the position of the 
hematoma made at the time of operation The anastomosis otherwise i\as 
perfectly healed and there were no adhesions The other dog died of peri- 
tonitis, 185 days after operation At necropsy, a perforated ulcer was found 
in the jejunum, bordering on the stoma at the cardiac angle of the anastomosis 
where the hematoma had been located (Fig 2) The ulcer was 8 by 10 mm 
in diameter, and had a hard, thin edge 

Group 2 — Five dogs were subjected to a posterior gastro-enterostomy, using 
three rows of continuous catgut suture Hematomas were made at the pyloric 
angle of the anastomosis in two of the dogs by the method described above 
The animals operated on without hematoma formation died of respiratory 
infections, eleven, twelve and eighteen days, respectively, after operation The 
anastomosis was found to be intact and patent in every case at necropsy The 
peritoneal cavity was clean The edge of the stoma was healed, except at the 
angles where healing was not yet complete There was no ulcer in any of 
these dogs Of the two animals in which a hematoma had been made at 
operation, one died of distemper, ninety days after operation The other animal 
was killed m a dog fight, twenty-two days after operation Necropsy in both 
cases revealed perfect healing of the anastomosis The places where the hema- 
tomas had been made appeared entirely normal There was no evidence of 
an ulcer in the stomach or jejunum of either of these dogs 

Group 3 — Five dogs were subjected to a posterior gastro-enterostomv bj 
the two row suture method Continuous catgut was used for the inner row 
and continuous silk for the outer row In two of the dogs a hematoma was 
made by the method alreadj described, about midwaj r between the angles of 
the anastomosis, in one case on the jejunum and m the other on the stomach 
These hematomas were inoculated with 1 cc of a suspension m salt solution 
of virulent colon bacilli Of the three animals operated on without hematoma 
formation, one died thirtj-one dajs after operation At necropsv a large 
hair ball was found blocking the outlet of the stomach The anastomosis was 
perfectly healed, with no signs of ulcer formation The other two dogs died 
of skm diseases, 138 and 15S da\s, respective!! after operation The anastomosis 
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was well healed at necropsy, although silk threads were dangling from the 
margins of the stoma, especially at the angles, m both cases In neither animal 
was there any sign of an ulcer formation The two animals with hematomas, 
which had been inoculated with colon bacilli at the time of operation, were 
killed, 139 and 137 days respectively, after operation A necropsy in both cases 
demonstrated that the anastomosis was healed but that silk was dangling 
in the bowel from the margin of the stoma The hematoma had disappeared 
without leaving any perceptible scar There were no ulcers 

Group 4 — This consisted of five dogs in which the experiment described 
above was repeated, except that a three row suture was employed in the 
anastomosis instead of a two row suture Continuous catgut was used for 
the two inner rows and continuous silk for the outer row 



Fig 1 — Gastrojejunal ulcer in a dog, twenty-six days after operation 


Of the three dogs operated on without hematoma formation, two die 
distemper 146 and 221 days, respectively, after operation The third anima 
died thirty-three days after operation, probably from a hair ball m the stomac^ 
Necropsy in these three dogs was negative in regard to ulcer formation 
anastomoses were well healed Silk was dangling from a margin of the stoma 
the dogs that lived 146 and 221 davs, respectively, after operation Hematom< 
i\ere made m the other two dogs m this group, they were also inocu ate , 
just as m Group 3 One of these dogs died from an infection o 
abdominal wound, nine days after operation At necropsy there were omen 
adhesions about the site of the hematoma on the jejunum The rnuco 
appeared to be healthy everywhere, and healing of the anastomosis ha 
gressed normalh The other animal died from a respiratory infection, - 
da\s after operation The anastomosis was well healed, with no e '’ 
remaining of the hematoma The silk suture had eroded mto the bove 
sexeral places but there was no ulcer formatio” 
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Group 5 — This comprised eight dogs that were subjected to a posterior 
gastro-enterostomy, using the two row suture method Continuous catgut was 
employed for the inner row and interrupted silk for the outer row In addition, 
a hematoma was made in four of the animals by the subserous needle puncture 
of the vessels The hematoma in two of the dogs was placed at the cardiac 
angle, in one on the stomach and in the other on the jejunal side In the 
other two dogs, the hematoma was made at the pyloric angle, in one on the 
stomach and in the other on the jejunal side Of the four dogs operated on 
without hematoma formations, one died from an infection of the abdominal 
wall, four days after operation The abdominal cavity was clean at necropsy 
and the anastomosis was intact There was no sign of an ulcer Another dog 
died of a respiratory infection, forty-one days after operation The anas- 
tomosis was well healed Silk was present in the jejunum in two places, 



Fig 2 — Perforated gastrojejunal ulcer m a dog, followed b\ death from 
peritonitis, 185 days after operation 


but there was no evidence of ulcer formation A third dog died of rcspiratorv 
infection, forty-six days after operation The anastomosis appeared to be 
perfectly healed There was no ulcer present, although a silk suture was present 
in the jejunum m one place The fourth dog was killed, 270 dais after opera- 
tion The anastomosis was perfectly healed There was no silk showing on 
the mucosa, and there was no sign of an ulcer 

Of the four dogs operated on with hematoma formation, one died of 
respiraton infection, 125 dajs after operation The anastomosis was well 
healed There was no silk showing on the mucosa The hematoma had 
entirelv disappeared and there was no sign of an ulcer Another dog was 
killed, eight} -nine da\s after operation The anastomosis was well healed Silk 
had eroded into the jejunum in three places The hematoma had disappeared 
and there was no sign of an ulcer \ third dog died of distemper eighteen 
da\s after operation The anastomosis was almost healed and no silk showed 
on the mucosa At the site of the hematoma which had been made on 'he 
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stomach at the cardiac angle, there was a small area of submucous hemorrhage, 
with some erosion of the mucosa but no definite ulcer formation The fourth 
dog died of a skin disease, 200 days after operation The anastomosis was 
thoroughly healed At the site of the hematoma on the jejunum at the cardiac 
angle of the stoma, there was a marginal ulcer 7 by 15 mm m size (Fig 3) 
The edge of the ulcer was round, elevated and well defined The base 
was clean and did not show any silk 

Group 6 — This consisted of thirteen dogs that were subjected to a posterior 
gastro-enterostomy The anastomosis was made with two rows of continuous 
silk sutures In five of the animals, the outer suture row when completed 
was tied and the ends of the suture cut off about an inch (2 5 cm ) beyond 
this and tied into a knot The loop of two silk threads, an inch (2 5 cm ) 



Fig 3 — Gastrojejunal ulcer m a dog, 200 days after operation 


long with a knot at the end, was pushed into the bowel between the edges 
of the anastomosis and allowed to dangle in the lumen Of these five dogs, 
two died of respiratory infection twenty-two and thirty-one days, respective y, 
after operation , two died of skin disease, twenty-six and thirty-seven a ' s ’ 
respectively, after operation, and one died of a large hair ball in the stoma i, 
forty-six days after operation The anastomosis was healed in all five anima s, 
except at one or more places where the inner thread was still ad even , 
although the greater part of the suture was hanging free in the bowel e 
knotted end of the outer suture that had been pushed into the bone wa ‘ 
dangling there In two instances, the knot had been made much larger > 
hair that had collected on it Two of the dogs had had tarry stools, an 
blood was present m the jejunum near the stoma There was no eu c 
of ulcer formation m any of the five animals Of the other eight ”” 

this group, three died of respiratory infection, ten, seven and seventeen a ' 
respectively, after operation The anastomoses appeared to be healing norma 
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and there were no signs of ulcer formation One dog was killed in a fight, 
eighteen days after operation The specimen was too badly mutilated to be 
of any value Another dog died of evisceration, as a result of an infected 
abdominal wound, fifty-three days after operation The anastomosis was 
healed in this animal except at one place where the inner suture thread was 
still adherent There was no ulcer present Another dog died of distemper, 
127 days after operation, and the remaining two dogs died of chronic skin 
diseases, 154 and 208 days, respectively, after operation In the last three 
animals, the anastomoses were found to be well healed The inner suture 
thread had entirely disappeared, but the outer suture row had eroded into 
the bowel m one or more places There was no evidence of ulcer formation 
in any of these dogs 



Fig 4 — Gastrojejunal ulcer m a dog, 100 days after operation 

Group 7 — This comprised five dogs that were subjected to an anterior gastro- 
enterostomy, using two rows of continuous catgut sutures In two of the dogs 
a hematoma was made in the jejunum near the suture line, at the pyloric 
angle m one animal, and at the cardiac angle in the other One dog died of 
pneumonia, four days after operation, another escaped from the laboratory 
thirty-seven days after operation , a third was killed, 122 days after operation 
Of the two dogs with hematoma formation, one died of a respiraton infection, 
twenty-six days after operation, and the other was killed ninety dajs after 
operation In the four animals on which we were able to perform a necropsi , 
healing of the anastomosis was complete or was progressing normallv The 
hematoma had disappeared and there w-as no ulcer present 

Group 8 — This consisted of five dogs that were subjected to an anterior 
gastro-enterostomy, using three row's of continuous catgut sutures In two of 
the dogs, hematomas w’ere made as m the preceding experiment One dog 
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died of pneumonia, nine days after operation, another died of distemper, 
sixteen days after operation, and the third was killed, 120 days after operation 
The two dogs in which a hematoma had been made died of respiratory infection, 
twenty-four and thirty-six days, respectively, after operation In these five dogs, 
healing of the anastomosis was either complete or progressing normally The 
hematomas had disappeared and there was no ulcer formation 

Group 9 — In this group there were five dogs that were subjected to a 
gastro-enterostomy and an entero-enterostomy of the afferent and efferent loops 
A two row continuous catgut suture was used in making both anastomoses 


Results of Experimental Study of Gastrojejunal Ulcer 


Group 

Operation 

Suture Material 


Ulcer 

Without 
Hem a 
tom a 

Ulcer 

1 

5 dogs 

Posterior gastro 
enterostomy, two 
row suture 

Continuous catgut, 
both rows 

2 

2 

3 

0 

2 

5 dogs 

Posterior gastro- 
enterostomy, three 
row suture 

Continuous catgut, 
three rows 

2 

0 

3 

0 

3 

5 dogs 

Posterior gastro- 
enterostomy, two 
row suture 

Continuous catgut, 
inner row, continuous 
silk, outer row 

2 

Inocu 

lated 

0 

3 

0 

4 

5 dogs 

Posterior gastro 
enterostomy, three 
row’ suture 

Continuous catgut, 
inner two rows, con 
tmuous silk, outer row 

2 

Inocu 

lated 

0 

3 

0 

5 

8 dogs 

Posterior gastro 
enterostomy, two 
row suture 

Continuous catgut 
inner row, interrupted 
silk, outer row’ 

4 

1 

4 

0 

6 

13 dogs 

Posterior gastro- 
enterostomy, two row 
suture, five with 
knot in bowel 

Continuous silk, 
both rows 

0 

0 

13 

0 

7 

5 dogs 

Anterior gastro 
enterostomy, two 
row suture 

Continuous eatgut, 
both rows 

2 

0 

3 

0 

8 

5 dogs 

Anterior gastro- 
rnterostomj , three 
row suture 

Continuous catgut, 
three rows 

2 

0 

3 

0 

9 

5 dogs 

Anterior gastro- 
enterostomj with 
entero enterostomj , 
two row suture 

Continuous catgut, 
both rows 

0 

0 

5 

I 

10 

7 dogs 

Anterior gastro 
enterostomy with 
entero enterostomj, 
two row suture 

Continuous silk, 
both rows 

0 

0 

7 

0 


One dog died of hemorrhage the day after operation Another dog died o 
pneumonia, three dajs after operation A third dog died from an unknown 
cause, eight! -six da\s after operation A necropsy on this animal reveaec 

the fact tint both anastomoses were perfectly healed, with no signs of an 
ulcer in the stomach or bowel The fourth dog de\ eloped skin trouble anc^ 
died from intection produced bj scratching, 104 dajs after operation 
necrops! on tins animal disclosed perfect healing of both anastomoses and no 
evidence of ulcer formation The fifth dog lived 100 dajs after operatioi 
\ ten, large hair ball was found in the stomach of this animal after deal i 
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Bordering on the stoma at the cardiac angle, there was a definite hard ulcer, 
7 by 7 mm in diameter, lying between the rugae on the gastric mucosa 
(Fig 4) 

Group 10 — This consisted of seven dogs that were subjected to an anterior 
gastro-enterostomy with an entero-enterostomy, as in the previous experiment 
A two row continuous silk suture was used instead of catgut in making the 
anastomoses One dog died of pneumona, six days after operation The 
anastomosis at necropsy appeared to be healing normally Another dog died 
of exposure to cold the day after operation A third dog probably died 
because of a bundle of worms that blocked the stoma He was found dead, 
thirty-six days after operation A fourth animal died of distemper, ninety- 
eight days after operation The fifth and sixth dogs were killed, sixty-one 
and 121 days, respectively, after operation A seventh dog died of peritonitis, 
forty-one days after operation In the last five dogs, necropsy demonstrated 
that the anastomoses were well healed, except at two or three places about 
each stoma, where the inner thread was still attached The outer thread had 
ulcerated into the bowel at several places, especially at the cardiac angle where 
the knot was located There was no evidence of definite ulcer formation in 
the stomach or bowel of any of these animals 

COMMENT 

In this series of experiments, sixty-three dogs were subjected to a 
gastro-enterostomy Of this total number, one escaped from observa- 
tion, the thirty-seventh day after operation, another died of hemor- 
rhage, the second day after operation, and a third died, the day after 
operation, from exposure to cold These three animals may be omitted 
from our calculations, leaving sixty dogs to be considered in our 
observations A definite gastrojejunal ulcer was found in four (6 66 
per cent ) of these sixty animals In every case the ulcer was a fairly 
large, solitary lesion, somewhat indurated and well defined Micro- 
scopically, it showed all the characteristics of a chronic ulcer This 
diagnosis was confirmed by microscopic sections, which showed a definite 
ulcer border with erosion of the mucosa and muscularis mucosa In 
the submucosa which formed the floor of the ulcer, there was definite 
round-cell infiltration 

After reviewing our work, certain factors were considered in rela- 
tion to their influence on the pioduction of these marginal ulcers 

Some years ago, Cannon and Blake 21 pointed out that the anterior 
gastro-enterostomy in animals like the dog or cat was the nearest 
approach to the posterior operation in man In Mew of that fact, our 
results correspond to numerous observations in man m which gastro- 
jejunal ulcers have been found much more frequently following the 
anterior than the posterior operation Three of the ulcers in our seres 
occurred after posterior gastro-enterostomy and only one after an 
anterior gastro-enterostomy In this one instance, the ulcer was located 
on the gastric mucosa bordering on the stoma It was the onh one of 
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the four ulcers that formed on the stomach side of the opening At 
necropsy on this animal, a very large hair ball was found occluding the 
pylorus and the gastro-enterostomy stoma It is very probable that 
the hair ball, impregnated with dirt and fragments of bone, was the 
cause of the ulcer 

Diverting the flow of bile and pancreatic secretion from the stomach 
by means of an entero-enterostomy did not seem to have any definite 
effect on ulcer production Only one dog m which we employed this 
procedure developed an ulcer That particular ulcer is the one that 
was probably due to the grinding action of the hair ball, as has just been 
stated Diverting the alkaline secretion would seem to have been a 
minor factor at the most 

Hematoma formation appeared to have exerted a marked influence 
m the production of these ulcers In three dogs, an ulcer formed at 
the site of a hema f bftia which had been placed on the jejunal border of 
the stoma In rit) instance did an ulcer form at the position of a 
hematoma placed on the gastric side of the stoma From this observa- 
tion, it would seem that the gastric mucosa was more resistant to the 
devitalizing action of a hematoma than the jejunal mucosa In those 
cases in which an ulcer did not form at the site of the hematoma, healing 
progressed normally and the hematoma was absorbed Inoculating the 
hematomas with virulent colon bacilli produced only negative results 
In every case in which the inoculation was performed, the wound 
progressed to normal healing without ulcer formation The dogs 
evidently had a strong resistance to colon bacilli In connection with 
this question of hematomas, it is interesting to note that all of the ulcers 
occurred in cases m which the two row suture method had been used, 
although hematomas were made in an equal number of dogs operated 
on by the three row method It would seem logical to believe that the 
middle row of sutures prevented the hematoma from extending to the 
mucosa In addition, as Roeder has recently shown, the three row 
suture method provides better hemostasis and more careful apposition 
of the mucous edges It tends to early healing by avoiding the strangu- 
lation and subsequent sloughing of the mucosa that occur when a 
mattress stitch, embracing all the coats, is used to control bleeding 
Roeder shows that the scar after the three row suture is much smaller 
and softer 

Another interesting observation w as that all four of our ulcers w'erc 
located at the cardiac angle of the anastomoses This corresponds to 
the clinical findings of a number of surgeons in regard to these marginal 
ulcers in man The cardiac angle is usually the place where the last 
stitches are taken in performing a gastro-enterostomy and where the 
knots are placed With a two row suture, it is frequent!} icr} difficult 
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to secure good apposition at this point, and a poorly placed suture 
permits gaping of the mucous edges and hematoma formation In 
addition, the cardiac angle is the place that sustains the greatest strain 
from the long dependent efferent loop, so that healing at this point is 
most liable to be delayed on account of interference with the blood 
supply The three row suture method permits good suturing at this 
angle where it would seem to be especially needed 

Nonabsorbable suture material has been very generally blamed by 
surgeons for producing marginal ulcers According to Rogers, Senn 
showed experimentally that all nonabsorbable suture material used in 
performing a gastro-enterostomy ultimately sloughed into the bowel 
This was observed in our animals m which silk from one or both rows 
was found eroding into the bowel or dangling from the edge of the 
stoma, months after the operation Despite this fact, all of our ulcers 
except one occurred in animals m which only ^ofcgut had been used 
In that one case, an ulcer occurred where catgut JjQc\been used for the 
inner row and interrupted silk for the outer row At necropsy the 
interrupted silk sutures seemed to have disappeared entirely m the 
200 days that had intervened after operation There was no silk 
embedded in the base or edge of the ulcer These results in animals 
would seem to agree with those of a number of observers who have 
found gastrojejunal ulcers in man when catgut alone had been used 
Our experiments fail to show any causal relationship between non- 
absorbable suture material and gastrojejunal ulcers However, they 
emphasize the fact that nonabsorbable sutures ultimately slough out, but 
the process often extends over months Interrupted silk sutures used m 
our animals sloughed out much more rapidly than the continuous silk 
sutures Dangling knots, even when enlarged by hair which became 
entangled, did not produce an ulcer m any instance 

Clamps were used to approximate the stomach and jejunum m every 
anastomosis As the ulcers we obtained occurred on the edge of the 
stoma and not on the line of application of the clamps, it is impossible 
to believe that clamps had any influence on our results 

The effect of pyloric occlusion on the formation of gastrojejunal 
ulcers has not been considered in this report, as the pylorus was allowed 
to remain patent in every case This factor \\ ill be dealt with in a 
subsequent paper 

CONCLUSIONS 

From this series of experiments on dogs, these conclusions haie been 
drawn 

1 Gastrojejunal ulcers occur in dogs following gastro-enterostorm 
with a patent p\ lorus 
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2 These ulcers have a tendency to perforate and are similar m 
other respects to gastrojejunal ulcers found m man 

3 They seem to occur following hematomas that affect the jejunal 
mucous membrane at the cardiac angle of the stoma where suturing and 
hemostasis are imperfect 

4 The imperfections in technic at this place may be avoided by the 
use of the three row suture method 

5 Hematomas situated at other places along the suture line may be 
absorbed and produce no damage 

6 Gastrojejunal ulcers occur independent of the kind of suture 
material employed 

7 Gastrojejunal ulcer in dogs is more frequent following the 
postenor operation, which corresponds to the anterior operation in man 

122 South Michigan Avenue 



MESENTERIC VASCULAR OCCLUSION* 

LEO BRADY, MD 

BALTIMORE 

Reports of cases of mesenteric thrombosis and embolism treated 
successfully by surgical intervention no longer receive the widespread 
comment that m 1895 greeted Elliot’s article on the first instance of 
recovery of a patient with intestinal infarction However, even today 
the mortality m these cases is very high, and reports of surgical suc- 
cesses are still of considerable interest 

The first instance of occlusion of the mesenteric vessels seems to 
have been reported by Tiedemann 1 in 1843, and four years later Vir- 
chow 2 explained the pathology of the condition In 1875 Litten 
described fairly accurately the clinical picture From that time until 
1895, when Elliot 3 reported his famous case, there were no great 
advances made m the diagnosis or treatment of this condition Jackson, 
Porter and Quinby, 4 in 1904, published what was probably the most 
complete study made on this subject up to that time Trotter, 5 m 1913, 
reported six new cases and analyzed the 360 reports of cases already in 
the literature The only one of his six patients that recovered did so 
without operation, which, of course, makes the accuracy of the diagnosis 
doubtful Ross, 0 in 1920, reported six new cases with one operative 
success Although m the case reported by Ross of the patient that 
recovered, thrombosis of a branch of the superior mesenteric artery 
was noted at operation and there was some hemorrhage into the mesen- 
tery , the segment of bowel involved was in fairly good condition and 
no resection was performed This was undoubtedly one of the rare 
instances of sufficient collateral circulation developing after a mesenteric 
thrombosis to prevent the formation of an intestinal infarction The 
last article on this subject appeared in July, 1921, consisting of 

k From the Gynecological Department of the Johns Hopkins Hospital and 
the Johns Hopkins University Medical Department 

1 Tiedemann Von d Verengerung u Schliessung d Pulsadern m Krank- 
lieiten, Heidelberg and Leip7ig 131 1843 

2 Virchow Gesamte Abhandlungen pp 338 420, 451 

3 Elliot, J W The Operatne Relief of Gangrene of the Intestine Due to 
Occlusion of the Mesenteric Vessels, Ann Surg 21 1895 

4 Jackson, J M , Porter C H, and Quinb\, W C Mesenteric Embolism 
and Thrombosis, J A hi A 42 1469 (June 4), 1904, ibid 43 25 (Juh 2), 110 
(July 9), 183 (July 16), 1904 

5 Trotter, L B C Embolism and Thrombosis of the Mesenteric Vessels, 
Cambridge Unn ersiti Press, 1914 

6 Ross, G G Mesenteric Thrombosis, Ann Stirg 72 121 (Juh), 1°20 
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a report by Loop 7 of nine cases m which operation was performed 
Eighteen inches (45 7 cm ) of intestine was removed and a lateral 
anastomosis was performed on the one patient m this series that sur- 
vived At the present time there are records in the literature of about 
500 cases of mesenteric thrombosis and embolism with not more than 
thirty-five recoveries Of the forty-seven patients opeiated on in 
Jackson’s series only four survived 

Recently I treated a patient with intestinal mfaiction that survned 
My interest in this subject being aroused I decided to go over the 
records m the Johns Hopkins Hospital of all the patients with mesenteric 
thrombosis and embolism In all I found fourteen instances of mesen- 
teric vascular occlusion However, m three cases there was no forma- 
tion of an intestinal infarction and the mesenteric thrombosis was 
discovered only at necropsy That m a slowly developing thrombosis of 
the mesenteric vessels the collateral circulation may develop sufficientl) 
rapidly to prevent the formation of an infarction has long been known 
To quote from Welch’s 8 article in Allbutt’s System of Medicine “Intes- 
tinal infarction is not the imperative result of occlusion of the superior 
mesenteric artery as infarction is of occlusion of branches of the splenic 
and renal arteries” Welch quotes Chiene’s 9 case of a woman, 65 
years old, with an aneurysm of the abdominal aorta and complete obliter- 
ation of the celiac axis and both mesenteric arteries, who had an ade- 
quate collateral circulation through the greatly distended extrapentoneal 
anastomosing arteries But Welch says later, “The rapid and complete 
closure of the superior mesenteric artery, however, is followed with 
great regularity, probably constantly, by hemorrhagic infarction of the 
intestine ” 


REPORT OF CASES OF MESENTERIC VASCULAR OCCLUSION IN 
WHICH NO INTESTINAL CHANGES DEVELOPED 

C \se 1 — Histoiy — J J, man, aged 80, white, admitted Jan 4, 1909, 
had had an attack of shortness of breath one year pre'ioush The second 
attack occurred two weeks before admission Both of these attacks lasted 
onK a few minutes Otherwise the patient’s past luston was negatnc 
Digestton had alwajs been good and the bowels had mo\ed regularh There 
were no urologic symptoms before the present illness, and no luston of gonor- 
rhea or s'pluhs For the last three >ears the patient had been growing gradual!' 
weaker One week before admission, he began to haie difficult' in \oiding and 
during the week this difficult' increased The patient had to be catheterizc< 
se'eral times b' lus famih ph'sician 


7 Loop R G Mesenteric Vascular Occlusion, J A M A 77 569 (Jul 
30) 1921 

S \\ elch \\ H in \llbutt S' stem ot Medicine 7, 1899 

9 Chitne I \nnt & Phwol 3 65-107 1869 
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Physical Examination — The patient was poorly nourished Nothing abnormal 
was detected m the heart and lungs The abdominal examination was entirely 
negative Through the rectum a greatly enlarged prostate could be felt The 
urine showed many pus cells 

Com sc m Hospital — The patient’s condition became gradually worse, and on 
the seventeenth day in the hospital he died (January 21) Nothing abnormal 
was ever demonstrated in the patient’s abdomen 

A 'cciopsy — The anatomic diagnosis was “Prostatic enlargement, hemor- 
rhagic cystitis , ureteritis and pyelonephritis , chronic fibrous myocarditis with 
thrombus formation , arteriosclerosis of the aorta with ulceration , mural 
thrombosis of the iliac artery, thrombosis with occlusion of the superior 
mesenteric artery, anastomotic circulation” The intestines remained normal 
because of the extensive anastomotic circulation, although the superior mesenteric 
artery was completely obstructed near its origin by a dense thrombotic mass 
Cvse 2 — Hist oi y — G I, man, aged 45, white, admitted May 13, 1915, gave 
an essentially negative history, with no mention of any dyspnea on exertion 
or swelling of the ankles There had been no gastro-mtestinal disturbances 
until the present illness Six months before admission to the hospital, the 
patient began to complain of belching and constipation During the last three 
months he had noticed that he was becoming more and more jaundiced and 
that his stools were white 

Physical Examination — The patient was very much emaciated and quite 
jaundiced The temperature on admission was 996 F , the pulse, 100, respira- 
tions, 20 The liver could be felt three finger-breadths below the costal margin, 
but no abdominal tenderness was present The patient’s stools were clay-colored 
Com sc m Hospital — On the tenth day in the hospital the patient began for 
the first time to complain of abdominal pain and to vomit His temperature 
rose to 104 F An operation was immediately performed by Dr McClure A 
large amount of yellowish fluid was found in the peritoneum There was a hole 
m the common duct The gallbladder was drained, and several drains were 
placed in the peritoneal cavity The patient died that evening 

A 'cciopsy — The anatomic diagnosis was “Carcinoma of the head of the 
pancreas with metastases to the liver and neighboring lymph glands , obstruc- 
tion of common duct, jaundice, thrombosis of the superior mesenteric artery 
The intestines appeared normal, except for a few minute hemorrhages ” 

C\sr 3 — Histoiy — C D, man, aged 51, colored, was admitted Oct 3, 1919, 
with an entirely negative past history and with no history of any cardiovascular 
trouble The present illness was limited to the condition for which the patient 
was operated on, double inguinal hernia The patient had had the hernias for 
many vears 

Coin sc in Hospital — An operation w r as performed Oct 14, 1919, for double 
hernia (Dr Reid) At the tip of the large hernial sac on the right there was an 
abscess Several loops of intestine were adherent to the abscess sac A low 
right rectus incision was made and the abscess wall, with the loops of intestine 
still adherent, was sutured to the abdominal wall Tour da\s later the abscess 
was opened The patient’s temperature never returned to normal after the 
abscess had been opened and he course was gradualh downward \o\ ember 17, 
the patient died 

\caopsv — The anatomic diagnosis was “Old inguinal hernia with strangu- 
lation and abscess formation thrombosis of the inferior mesenteric vein, 
septic thrombosis of the mam portal vein ’ The intestines were perfecth normal 
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COMMENT 

Case 3 is the only instance in our series of thrombosis of the inferior 
mesenteric vessels Other observers have also noted the relative infre- 
quency of thrombosis of the inferior mesenteric vein as compared with 
its occurrence in the superior mesenteric vessels Before leaving this 
case of associated portal and mesenteric thrombosis, it might be well 
to quote again from Welch’s article “Of interest is the relation of 
thrombosis of the mesenteric veins to portal thrombosis In several 
instances of the latter, thrombosis of the mesenteric veins occurred 
without hemorrhagic infarction of the intestine Doubtless, the explana- 
tion is that a sufficient collateral circulation had been established after 
the portal thrombosis to prevent the usual effects of a subsequent 
mesenteric thrombosis That this, however, is not always the case is 
shown by the sudden or more gradual termination in some instances 
of portal thrombosis with hemorrhagic infarction of the intestine in 
consequence of the extension of the thrombus into the mesenteric 
veins ” 


REPORT OF CASES OF MESENTERIC VASCULAR OCCLUSION 
CAUSING INTESTINAL INFARCTION WHICH WERE 
NOT TREATED SURGICALLY 

Casi 4 — Hist oi y — H H, man, aged 49, white, admitted, April 2, 1S95, 
had been in the hospital three times previous to his last admission A diag- 
nosis of cirrhosis of the livei and diabetes mellitus was made on the first 
admission and was confirmed on all subsequent admissions Four days before 
entering the hospital for the last time, the patient developed severe pain in the 
lower abdomen The abdominal pain persisted during these four days, but at 
no time was there any vomiting 

Physical Eiavunation — The patient looked very ill The temperature nas 
100 F, the pulse, 1 10, and respirations, 20 The abdomen was markedly distendei 
and general abdominal tenderness was present The urine showed 2 5 per 
cent sugar 

Com sc in Hospital — The patient’s course was rapidly downward, and he 
died on the second day, April 4 Just before death his temperature rose to 102 

\caopiy — The anatomic diagnosis was “Diabetes mellitus, cirrhosis of 
the lner, thrombosis of the portal and superior mesenteric veins hemorrhagic 
infarction of the intestine ” 

Comment — This case is probabh an example of (to quote again from Or 
Welch) “sudden or more gradual termination of portal thrombosis with hemor 
rhagic infarction of the intestine in consequence of the extension of the thrombus 
into the mesenteric veins” This patient had abdominal tenderness and ms 
tention, but as he was known to have diabetes mellitus and cirrhosis of the liver, 
the abdominal signs were attributed to those conditions An acute condition ot 
the abdomen demanding surgical intervention was not suspected and an opera 
tion was not considered 

C\Sr 5 — Ihstor\ — D B man aged 52 colored admitted, Oct 13 Tv, 
had been admitted to the hospital on four prev ions occasions The diagnoM 
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on all these was aortic insufficiency, arteriosclerosis and mitral stenosis On 
each admission, the patient’s heart was found decompensated, but following 
rest and therapy, he was able to go back to work 

Piescnt Illness — The patient w r as readmitted to the hospital, Oct 13, 1898, 
for another cardiac breakdown On admission he had no abdominal symptoms 
and the abdomen was negative on examination Six days after admission, the 
patient suddenly began to complain of pam in the lower abdomen, and the 
abdomen became almost instantly rigid and immobile The temperature rose 
to 101 F, the pulse to 110 The patient died the following day, October 30 
There was no vomiting at any time 

Neciopsy — The anatomic diagnosis v r as “Arteriosclerosis, sclerosis of the 
aortic valve, thrombosis of the left ventricle, thrombosis of the superior 
mesenteric artery, hemorrhagic infarction of the intestine, acute peritonitis” 
As the abdominal findings were rather characteristic of those found in cases 
of thrombosis of the main branch of the superior mesenteric artery with 
infarction of all the intestine supplied by that vessel, I shall quote in some 
detail the description of Dr Simon Flexner who performed the necropsy 

“The peritoneal cavity contains several hundred cubic centimeters of thin 
sanguineopurulent fluid The loops of intestine are much distended They 
present a deep purplish color The loops which are especially distended and 
hemorrhagic are those of the small intestine, the upper part of the large intestine 
is also involved The superior mesenteric artery is thickened , its intima contains 
sclerotic and fatty patches, but there are no ulcers Its lumen is completed 
filled with a moderately firm red thrombus, which is lightly adherent to the 
vessel walls The length of the thrombus is about 3 cm On closer inspection 
it is proved that the infarcted area extends so as to involve the duodenum, the 
jejunum and ileum throughout their entire lengths and the cecum and ascending 
portions of the colon The transverse colon is involved in a part of its extent 
only The content of the intestine is a fluid of serosangumeous composition 
The mucous membrane of the small intestine is deeply suffused with blood, also 
that of the cecum and ascending colon ” 

While the presence of an acute abdominal condition was recognized in this 
case, an operation w'as not considered, as the patient’s heart at the onset of the 
intestinal symptoms was markedlv decompensated 

Case 6 — Histoiy — B S, woman, aged 60, white, admitted, March 24, 1919 
gave an entirely negative past history The patient had ahvavs had good 
health until the onset of the present illness Three w'eeks before admission, the 
patient developed shortness of breath and edema of the ankles At the same 
time the abdomen began to swell, but there was no abdominal pain or \omiting 
at that time 

Physical Examination — The patient was somewhat cjanotic The tempera- 
ture was 97 F , the pulse, 110, respiration, 24, leukocjte count, 6,000 The 
pulse showed that the auricle was fibrillatmg The abdomen was moderated 
distended and filled with fluid but was not tender A diagnosis of cirrhosis of 
the liver, myocardial msufficiencv and auricular fibrillation was made 

Comic m Hospital — On the fifth da\ after admission, the patient developed 
se\cre abdominal pam and died on the following da\, J March 30 She vomited 
several times during the last two davs The leukocvte count rose from 6 000 to 
24,000, but the temperature remained subnormal throughout 

\iuopsv — The anatomic diagnosis was “General arteriosclerosis fibrous 
wnocarditis cirrhosis of the liver thrombosis of the superior mesenteric veins 
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hemorrhagic infarction of the jejunum with hemorrhage into the stomach, 
duodenum, jejunum and ileum ” 

COMMENT 

While it is true that at necropsy we might possibly say that surgical 
interference was indicated m these cases, still it was not possible during 
life to say more than that these patients had an acute abdominal condi- 
tion The cases of mesenteric vascular occlusion that are diagnosed 
as such are as rare as are the patients that recover from that condition 
Moreover, two of these patients had decompensated hearts when the 
abdominal symptoms commenced, and the third had diabetes melhtus 
and cirrhosis of the liver, so the hope that laparotomy offered to these 
patients was almost negligible 


REPORT OF CASES OF MESENTERIC VASCULAR OCCLUSION 
TREATED SURGICALLY 


Case 7 — Histoiy — C C, man, aged 52 years, white, admitted, Sept 15, 
1898, with an essentially negative past history, for three weeks had had some 
pain in the abdomen and occasional attacks of vomiting Five days before 
admission to the hospital, the abdominal pain had become more severe and the 
vomiting had occurred more frequently 

Physical Examination — The temperature was 100 F , pulse, 72, respirations, 
24 The patient appeared quite ill The abdomen was moderately distended 
and definite muscle spasm was present 

Opetation (Dr Bloodgood) — “On opening the peritoneal cavity it was seen 
to contain a considerable amount of bloody fluid with no fecal odor There 
was a mass present, which consisted of several coils of small intestine The 
intestine appeared somewhat gangrenous and was quite dark m color The 
mesentery below the intestine was also definitely engorged and blackened and 
the vessels of the mesentery seemed thrombosed The gangrenous intestine 
was brought out of the abdomen but not resected An enterostomy was done 
The patient died on the second day after the operation, September 18 

Necropsy — The anatomic diagnosis was “Thrombosis of the mesenteric 
veins, necrosis and gangrene of the small intestine, general fibnnopurulent 
peritonitis ” The mesenteric artery was free The heart and aorta were normal 


Case S — Histoiy — G W, woman, aged 45, white, was so ill when admitted 
to the hospital, July 14, 1900, that no past history could be obtained Se\ere 
abdominal pain had started five days before admission The pain had been 
especialh severe a little to the left of the umbilicus Vomiting had occtirrei 
frequently 

Physical examination — The temperature was 1002 F, the pulse, 1 > 

respirations, 2S, leukocyte count, 20,000 The historj says, “Patient looks rer> 
ill Abdomen is markedly distended and yerv tender on palpation Considerable 
muscle spasm is present ’ 

Operation (Dr Mitchell) — “On opening the peritoneal cavity it was found 
to contain a great quantity of thin dark-brown fluid A loop of distended blue 
black small intestine was seen running transversely above the umbilicus an 
down the right side of the abdomen There was a definite thrombus 1(1 * ,c 
branch oi the superior mesenteric artery supplying the discolored intestine 1 
gangrenous intestine was evened some good intestine being removed at eit i 
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end m an attempt to take care of any extension of the thrombosis The two 
ends of the intestine were brought out through the abdominal incision” The 
patient died on the following day, July 20 Permission for a necropsy could not 
be obtained 

Casf 9 — Histoiy — J S , man, aged 48, colored, admitted June 10, 1506, with 
an essentially negative past history, was admitted, June 9, 1906, on the medical 
service because of a severe cold he had had for two weeks During the first day 
on the medical service, he vomited once The next day vomiting occurred fre- 
quently and severe abdominal pain began The temperature rose to 103 F and 
the leukocyte count to 13,000 The patient was at once transferred to the 
surgical service 

Physical Examination — When admitted on the surgical service, the patient 
was irrational The abdomen was considerably distended and shifting dulness 
could be demonstrated in the flanks 

Opeiation (Dr Sowers) — “On opening the peritoneal cavity, a small amount 
of turbid fluid with a foul odor poured out Numerous loops of gangrenous 
intestine were seen These loops were distended and quite black Fifty-two 
inches of intestine was removed and the divided ends of the intestine brought 
out through the wound ” The patient lived only a few hours after the 
operation 

Neci opsy — The anatomic diagnosis was “General arteriosclerosis , throm- 
bosis of the superior mesenteric artery , hemorrhagic infarction of the small 
intestine , acute fibrinous peritonitis , embolism of the pulmonary artery , 
hemorihagic infarction of the lungs” 

Case 10 — Histoiy — L W, woman, aged 45, white, admitted, March 15, 1913, 
was on the medical service for some time before being transferred to the 
surgical service The diagnosis on the medical service was Raynaud’s disease, 
thrombosis of the left iliac vein and phlebitis of the left leg Ten days before 
admission to the surgical service, pain in the lower abdomen began and continued 
up to the time of operation Vomiting began on the day before operation On 
the day of operation, the temperature rose to 100 F , the pulse to 110 The 
leukocyte count was 31,000 

Physical Examination — There was marked general abdominal tenderness, 
and some muscle spasm on both sides 

Opeiation (Dr Finney) — "On opening the peritoneal cavity a mass was 
found m the upper abdomen This mass proved to be several loops of intestine 
which were matted to each other and which were near the point of gangrene 
The operator felt certain he had done nothing to rehe\e a volvulus and con- 
sidered the condition to be one of mesenteric thrombosis Thirty inches of 
intestine was removed and a lateral anastomosis done ” The wound broke 
down after the operation and healed by granulation On the eightieth daj, 
June 3, the patient w r as discharged m fairly good general condition and with 
the abdominal incision entirely healed On discharge the patient was haMng no 
abdominal symptoms and the signs of femoral thrombosis had almost entireh 
disappeared 

C\sc 11 — History — \ S, man, aged 38, white, admitted Oct 15, 1913, with 
an entireh negatne past history, for three da\s before entering the hospital 
had had seiere pains in the abdomen One da\ before admission, \omitmg had 
begun and this had continued up to the time of operation 

Physical Examination — The patient did not look %er\ ill He could walk 
around and take off his clothes without difficult\ The temperature was 93 6 T, 
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the pulse, 80, respirations, 20, and leukocyte count, 9,000 The abdomen was 
markedly distended There was moderate general abdominal tenderness and 
slight rigidity of the abdominal muscles 

Operation (Dr Heuer) — “On opening the peritoneal cavity there was an 
escape of several ounces of bloody fluid The intestines were greatly distended 
About a foot above the cecum the ileum passed from normal to greatly thickened 
friable intestine The mesentery supplying the involved intestine was several 
times its normal thickness The thickened bowel was resected, a considerable 
amount of normal intestine being removed from either end and a lateral anas- 
tomosis done ” The patient died a few hours after the operation, October 16 
Permissioit for a necropsy was refused The surgical pathologists reported 
that the resected intestine showed mesenteric thrombosis with necrosis of the 
intestinal mucosa 

Cxse 12 — Histoiy — J K, woman, aged 42, white, admitted to the hospital, 
Jan 26, 1918, gave an essentially negative past history with no mention of anj 
heart trouble The present illness began with sudden severe pain in the 
epigastrium on the morning of the day on which the patient was admitted to the 
hospital The pain quickly spread over the entire abdomen There was some 
nausea but no vomiting The patient’s family physician gave her a cathartic 
and an hour later an enema, but these measures were insufficient to cause the 
bow'els to move 

Physical Examination — As the gynecologic extern, I saw this patient four 
hours after the onset of the symptoms and made the following note “The 
patient is a young woman, lying in bed, complaining of considerable pain She 
looks very ill, although her temperature by mouth is only 98 F, and her pulse, 
90 The abdomen is normal in outline but moves only slightly with respiration 
On palpation, moderate tenderness can be elicited over a central area extending 
about 6 cm in all directions from the umbilicus Over this area there is resist- 
ance but no true muscle spasm There is no tenderness in the flanks and no 
dulness of the percussion note can be demonstrated Pelvic and rectal exami- 
nations are negative” The patient was admitted to the hospital with the idea 
that she probably had a beginning intestinal obstruction During the patients 
first four hours m the hospital the abdomen became distended and extremely 
tender Generalized abdominal rigidity developed The white blood count m 
these four hours rose from 10,000 to 36,000, and the pulse rate from SO to 150 
to the minute Eight hours after the onset of the patient’s first symptom, a 
laparotomv was performed 

Operation (Dr Wynne) — “On opening the peritoneal cavity a loop of dis- 
tended small intestine was seen m the pelvis This loop wms quite black in 
color and the mesentery supplying it w r as also hemorrhagic At either end there 
was a a err definite line of demarcation between the normal and the infarcted 
intestine The dark, distended intestine was resected and the tw'O ends of the 
gut brought out through the upper angle of the midline incision Drains were 
placed in both flanks through short McBurnej incisions” Following the opera- 
tion the patient’s condition remained critical for several weeks Most of the 
tood eaten escaped from the cut end of the upper loop of intestine onl\ sbghth 
digested, so it was e\ident that the mfarcted intestine must hare been high up 
m the gastro-mtestinal tract 

In addition to feeding the patient br mouth, we fed her peptonized milk 
and glucose through the lower loop of intestine Trom that time on her condi 
tion gradiialh improved Two unsuccessful attempts were made to close the 
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fecal fistula, extraperitoneally On both occasions, end-to-end anastomoses 
were performed Finally, July 10, 1918, a wide elliptic incision was made around 
the two enterostomy openings, an area of shin with some underlying fascia 
removed, the two ends of the intestine were brought out of the peritoneal 
cavity and resected, and a lateral anastomosis performed This operation was 
performed by Dr E H Richardson, as Dr Wynne had then left the hospital 
for service in the Army The patient was discharged six months after her first 
operation The gynecologic pathologist, after examining the resected intestine 
with its attached mesentery, sustained the clinical diagnosis of intestinal infarc- 
tion due to thrombosis of the mesenteric vessels 

CAsr 13 — Histoiy — B C, woman, aged 31, white, admitted to the hospital, 
Feb 8, 1921, gave an essentially negative past history with no mention of 
am cardiac trouble, and no history of any acute infection Nine dajs before 
admission to the hospital, the patient began to have severe pain across the 
lower portion of the back and vomited once or twice on the day of onset 
of this pain After eight days the backache suddenly disappeared and severe 
pain in the epigastrium commenced That evening the vomiting recurred 
and the patient became delirious On the following daj r , the day of admission 
to the hospital, the vomiting ceased, but the abdominal pain became generalized 

Physical Examination — The patient complained of severe abdominal pam 
The leukocyte count was 45,000, the red blood count, 7,680,000, hemoglobin, 112 
per cent The abdomen was moderately distended Generalized abdominal 
tenderness was present and muscle spasm could be demonstrated o\er the whole 
abdomen 

O fetation (Dr Wharton) — “On opening the peritoneum, a considerable 
amount of slightly blood-tinged fluid poured out A coil of small intestine lay 
transversely across the midline incision This coil of intestine was moderately 
distended and quite black in color There was no evidence of any obstruction 
There was no pulsation in the vessels of the mesentery going to the discolored 
intestines and this portion of the mesentery had itself the same dark color 
The operator did a resection of the mfarcted intestine, removing m all 60 inches 
of intestine and then did a lateral anastomosis ” 

The patient stood the operation fairly well, but, after returning to the ward, 
her condition became progressively worse and the following daj she died, 
February 9 

A 'cciopsv — The anatomic diagnosis was “Poh cythenna , atropln of the 
liver thrombosis of the branches of the portal veins m the liver with 
extension to the portal trunk and branches suppljmg the stomach, intestine, 
pancreas and spleen, hypoplasia of the bone marrow', infarction of the small 
intestine, acute peritonitis” It was the impression of Dr Putnam, who per- 
formed this necropsv, that the thrombosis started m one of the branches of the 
portal \cin inside the li\cr and extended downward to the branches of the portal 
■vein supplying the ileum, duodenum, jejunum and cecum 

Case 14, ni} own case, w r as the one that aroused rm interest m tins 
subject and for that reason I am reporting it in considerable detail 

C \sf 14 — Histoiy — M P, woman, aged 24, white, admitted Sept 10 
1921 had had one attack of acute rheumatic fever two \ears previous and 
slight edema ot the ankles at times during the last s]\ months Otherwise 
her lustorv was essentialh negative The patient had had a miscarriace 
ten davs before admission to the hospital followed In an entirclv atebnle 
and itneventiul puerpermm The evening beiore admission while hinging 
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clothes on the line, the patient felt “something give way inside of her” 
At once abdominal pain and vomiting began Dr McCormick, of Sparrows 
Point, Maryland, saw the patient that evening and advised her to come into 
the hospital, but she refused While the patient when first seen b\ Dr 
McCormick looked quite ill, her temperature was still normal During that 
evening and the next day the abdominal pain persisted and the vomiting occurred 
more frequently The patient entered the hospital thirty hours after the onset 
of symptoms 

Physical Examination — The patient was an undernourished young woman, 
apparently very ill She was quite irrational The temperature was 102 F , the 
pulse rate, 120, and respirations, 30 The leukocyte count was 23,000 Exam- 
ination of the lungs was negative Examination of the heart gave a positne 
diagnosis of mitral stenosis and insufficiency, with probably beginning aortic 
insufficiency The abdomen showed boardlike rigidity and generalized tender- 
ness The pelvis appeared normal I recognized the fact that there ivas an 
acute condition of the abdomen, demanding operative interference In con- 
sidering the causes of the acute abdominal condition, volvulus and mesenteric 
thrombosis were mentioned, but no exact diagnosis was made 

Opeiation (Dr Brady) — On opening the peritoneum a moderately distended, 
boggy, purplish black loop of small intestine appeared in the incision (Fig 1) 
There was a small amount of serosanguineous fluid in the peritoneal cavit) 
All the loops of small intestine appeared somewhat distended , but onh 16 
inches (406 cm ) was dark purple The mesentery supplying the dark intestine 
was the same purple color all the way down to its root The line of demarcation 
between normal and mfarcted intestine was very sharp at either end I saw 
no \olvulus and I feel sure I did not release any twist of the mesenterv m 
delnering the intestine, as this part of the operation was performed quite 
slow ly to avoid tearing the gangrenous intestine All of the purple intestine, w lth 
an inch or two (2 or 5 cm ) of normal intestine at either end, w r as then removed 
In doing this I took out as much as possible of the black mesentery The two 
ends of intestine were temporarily closed and then brought out through a right 
McBurney incision, and three drains w r ere placed in the low r er angle of the 
midline incision to take care of the peritonitis which was already present It 
was m\ impression at operation that the involved intestine was quite high lip 
in the gastro-intestinal tract, although I did not stop to confirm my impression 
The da\ after the operation I opened both ends of the intestine that w'ere coming 
out through the McBurney incision I did not knowm which end led to the 
stomach and which to the large intestine 

Com sc — For three dais the patient w'as in a critical condition, lomitmg 
frequentlj and running a rapid pulse On the fourth day fecal material began to 
come out through one of the enterostomy openings for the first time and from 
then on the patient’s condition steadih improied Howeier, it was at once appar- 
ent that the material coming from the loop of intestine leading to the stomach 
was shghth digested food rather than fecal material Charcoal gnen bv mouth 
alwais appeared in an hour and on one occasion, when the patient was oppar 
cnth ha\ ing diarrhea, charcoal appeared at the enterostomi opening fittceii 
minutes after being swallowed On the fifth dai, therefore, we began feed in-, 
the patient glucose and peptonized milk through the lower loop, as well a s 
gi\mg her c\ entiling she wished b\ mouth 

The patients general condition steadih improied, but in spite of frequent 
dressings and the use of c\cr\ known protectnc around the enterostorm opii 
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ings, it y\as e\ident that the secretions from the upper loop were beginning to 
digest aw a} the skin On the twentieth da\ we took all the dressings off the 
patient and put her in a continuous bath We were able to do this, for by this 
time the midline incision had healed perfectly Two days m the continuous 
bath improyed the skin condition considerably , but we were afraid to continue 
this treatment as it was difficult to keep the water at exactly the right tempera- 
ture If the temperature of the water was a few degrees aboie body heat, the 
patient complained of weakness, whereas the slightest drop in temperature 
caused her to become cy r anotic October 3, twenty -three days after the first 
operation, a wide elliptic incision was made around the enterostomy openings, 
the skin with the adherent intestinal loops were brought out of the abdomen, 
the afferent and efferent cords dnided about 2 inches (5 cm) below the point 
where they came to the surface and a lateral anastomosis was pertormed The 
patient recovered quickly from the second operation and was discharged two 
months after her first operation m yery good general condition and with the two 
incisions well healed 

Comment — Microscopic sections of the intestine removed at operation showed 
necrosis of the intestinal wall Sections of the mesenteric vessels showed the 
lumen of the veins filled with antemortem blood clots and an accumulation of 
pus cells along the vessel walls The arteries appeared normal Figure 1 is a 
reproduction of a water color of the mfarcted intestine as it appeared at 
operation Figures 2 and 3 are low' and high power photomicrographs ot the 
mesentery They show occlusion of the \eins and the accumulation ot leuko- 
cytes along the \ein walls 

SUMMARY 

1 Eleven of the fourteen cases of mesenteric yascular occlusion 
that have occurred in the Johns Hopkins Hospital produced intestinal 
infarction In three instances, the thromboses progressed -ver\ slowly 
and sufficient collateral circulation developed to prerent the formation of 
an infarction These three cases yvere, of course recognized only at 
necrops), as the patient had no sjmptoms referable to the thrombosis 

2 In thirteen of our cases, the superior mesenteric ressels yyere 
involved, in one instance the inferior 

3 The mesenteric arteries yy'ere inrohed m four cases, the reins 
in eight In trr r o cases it rras impossible to tell rrhich of the trro caused 
the infarction These findings are at r'ariance rritli those of most 
obserrers, for in the majority of articles on this subject the reins are 
said to be involved much less frequentlj than the arteries 

4 When the mesenteric reins are occluded, it is always due to 
thrombosis Either embolism or thrombosis maj cause occlusion of 
the mesenteric arteries In our series the four instances of occlusion of 
the mesenteric arteries are all recorded as being due to thrombosis 
Horrerer at necropsy it is frequently difficult to differentiate betr\ccn 
thrombosis and embolism of the mesenteric arteries 

5 The arerage age of the patients in our senes yyas 45 years The 
oldest patient yyas SO the youngest 24 



162 


ARCHIVES OF SURGERY 


6 Eight of our patients were men, six women Eleven were white, 
three were colored 

7 As causes of venous thrombosis all factors causing stasis of the 
portal system are of importance Endocarditis, arteriosclerosis and any 



I is - — how power photomicrograph of mesenterj (a) the accumulation of 
l«.td<K t<.' along the thrombosed vein, (l?) the necrotic intestinal villi 


condition k uling to the tormation of thrombi maj be responsible for 
the mesenteric vascular occlusion In ten of our cases, the following 
t. so!. t-^ie t ictor- were tound in four we could find absolutely no cause 
to*- tin 'xct.rrencc of t lie thrombosis endocarditis with aortic msiifii* 

1 « n' 'ttno'is thnic'ilK twopitients marked arteriosclerosis two 
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patients, cirrhosis of the liver, 2 patients, Raynaud’s disease, 1 patient, 
carcinoma of the pancreas with metastases to the liver and neighboring 
glands, 1 patient, polycythemia, 1 patient, and partially strangulated 
inguinal hernia with abscess formation, 1 patient 



I'ig 3 — High power photomicrograph of the thrombosed \cin shown in 
Figure 2 


8 In all of our cases there lias been a history of abdominal pain 
and vomiting, and on examination abdominal tenderness and muscle 
spasm were demonstrated At the onset of the thrombosis there was 
little ele\ation of temperature, but at the end of t\\ent}-fonr hour" 
almost every patient had a temperature of at least 102 F 1 lie leuko- 
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cyte count and the pulse rate usually rose before the temperature In 
most cases the white blood count was 20,000 and the pulse rate at 
least 120 to the minute, even when the patient was seen within the first 
twelve hours after the onset of symptoms Constipation was present 
in all of our patients, but in only two instances was there any passage 
of blood by rectum The majority of our patients, even from the first, 
were greatly prostrated and looked ill 

9 In the majority of our cases of mesenteric vascular occlusion 
the progress of the condition was rapidly downward, with steadily 
increasing abdominal pain and with rising temperature and leukocyte 
count For instance, one patient (Case 5) had abdominal symptoms 
for less than twenty-four hours before death, still at necropsy the 
entire small intestine was mfarcted Of course, the rapidity with 
which symptoms develop varies according to the size of the branch of 
the mesenteric vessel which is occluded , but in our series rapid progress 
downward has been the rule Another patient (Case 7 ) affords the 
one exception to this rule He had abdominal pam and vomiting for 
three weeks, and at necropsy only 3 feet (91 5 cm ) of small intestine 
was found to be mfarcted The accompanying table gives the duration 
of symptoms in our eleven cases of intestinal infarction 

Duration of Symptoms in Eleven Cases of Intestinal Infarction 



Duration of Sjmptoms 


Duration of Symptoms 


Before Operation 


Before Operation 

Number ot 

or Death 

Number of 

or Death 

Patients 

Dajs 

Patients 

Days 

*"* 

o 

1 

1 

5 

2 

2 

1 

9 

2 

3 

1 

23 

1 

4 




10 Although some writers on this subject apparently believe there 

is a clinical picture which is diagnostic of mesenteric vascular occlu- 
sion, I ha\e been compelled from a study of our cases, to agree with 
tho-e that maintain that the picture is indistinguishable from that of 
acute intestinal obstruction due to causes other than mesenteric throm- 
h 0 ' 1 ' It a patient with cirrhosis of the liver or endocarditis suddenh 
dcce'ops an acute abdominal condition, one mac suspect a mesenteric 
thrombisjc but the instances in which one can sac that “the patient 
1 - nuscnteric thrombosis and not a cole ulus or strangulated hernia 

''dl p-olnblc alvacs remun rare” 

11 V«l.m the abdomen i- opened in a case of mesenteric tliroiu- 
m p* nto”i d ocite is iisiiallc tound to contain a moderate 
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amount of serosanguineous fluid In advanced cases this fluid is fre- 
quently sangumeopurulent The mfarcted intestine is moderately dis- 
tended and purplish black The line of demarcation between normal 
and mfarcted intestine is usually, but not always, sharp The walls of 
the involved intestine feel soggy, and the intestinal lumen contains a 
considerable amount of fluid The mesentery supplying the mfarcted 
intestine is the same purplish black as the intestine, down to the root 
Just how much inflammatory reaction the intestine not supplied by 
the thrombosed vessel shows depends on how far the secondary 
peritonitis has developed 

12 In intestinal infarction there is just one method of treatment — 
immediate laparotomy Some surgeons believe that when the patient’s 
general condition is sufficiently good to warrant prolonging the 
anesthesia for the necessary length of time, the proper operation is a 
resection of the intestine and a lateral anastomosis, whereas others 
believe that the anastomosis should never be performed at the primary 
operation I agree with the latter view for these reasons Patients 
with intestinal infarction are usually seriously ill, and an extensive 
intestinal resection with an anastomosis requires so much time and 
involves so much handling of the parts that the patients’s endurance 
is likely to be overtaxed Moreover, after the anastomosis has been 
completed, the vascular lesion with resulting infarction of the intestine 
may progress and cause the failure of an otherwise satisfactory opera- 
tion To quote from Moynihan 10 “The safest measure to adopt in 
all cases is the resection of the bowel which is undoubtedly involved and 
the establishment of an artificial anus ” 

13 In very desperate cases and in cases in which a great many 
feet of intestine is found at operation to be gangrenous, the proce- 
dure advocated by Mikulicz may be carried out, that is, to bring all the 
gangrenous intestine out of the abdomen, to fix it parallel to the wound 
and to perform enterostomy, at a latter stage dealing with the gan- 
grenous intestine In this connection one of Dr Thomas S Cullen s 
cases is instructive 11 

His patient had been operated on for a \erj large multilocular 
cystadenoma of the o\ary Six weeks later, while at her home appar- 
ently recovered from the first operation, she stooped oaer in her garden 
to pick something oft the ground She suddenly felt, as she expressed 
it, that something was wrong in her abdomen 

Dr Cullen saw her on the second day w ith her pin sician Dr T C 
Gilland, of Greencastle Pa She was transported 130 mile- (208 km ) 

10 Mouulnn G \ Abdominal Operations Philadelphia \\ P» Saundtr- 
Compam 2 1906 

11 Personal communication 
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and the abdomen opened at the Church Home and Infirmary on the 
following day, three days after the onset of the trouble On opening 
the abdomen Dr Cullen found all but 2 feet (61 cm ) of the small 
bowel, brown and leathery He at once recognized mesenteric throm- 
bosis Nothing could be done, so he merely placed two small cigaret 
drains m the abdomen and closed the incision The patient lived for 
ten days after operation — in all thirteen days after the onset of the 
trouble 


14 In my own case the following procedure gave very satisfactory 
results The mfarcted intestine with about 2 inches (5 cm ) of good 
intestine at eithei end is resected through a lower abdominal midhne 
incision The two ends of the intestine are temporarily closed and 
bi ought out through a short McBurney incision If drainage of the 
peritoneal cavity is indicated (and it is nearly always indicated in cases 
of intestinal infarction), it is carried out through the lower angle of 
the midhne incision or through a McBurney incision on the side 
opposite that on which the enterostomy opening is to be The 
McBurnej incision should be made as far laterally as possible, so as to 
diminish the chances of infecting the midline incision The advantages 
of having the enterostomy openings in a short McBurney rather than 
in a low midhne incision are obvious The midhne incision does not so 
readil) become infected and the closure of the enterostomy at the 
second operation is much simpler The intestinal loops may be opened 
with safety a fen hours after the operation, in fact, if the patient’s 
condition is desperate, they may be opened sooner It seems to be a 
good procedure to open not only the loop leading to the stomach but 
also the one leading to the rectum, for in the two cases I have seen 
treated in this nay, there was a great deal of discharge from the lower 
loop for se\eial dais after the operation Apparently, by antipenstal- 
tic action, the normal intestine gets rid of the toxins which have 
undoubtedl) poured into it from the mfarcted intestine Moreover 
when the legion is near the stomach, as it happened to be in these two 
ca^-t'' m addition to feeding the patient by mouth, water, peptonized 
milk and glucose should be introduced into the lower loop 

\t the second operation, an incision is made around the enter- 
O'tnnucs the two ends of intestine with perhaps 1 cm of surrounding 
skin i isui and peritoneum are brought out of the peritoneal cavity in 
o,k block and a reseetion and lateral anastomosis are performed B} 
tK'i uni ring tin peritoneal cn\it\ seieral centimeters abo\e the enter- 


Hs * 



’it t 


ui i' md introducing a finger into the abdomen, one can perforin 
I'hkh dissection of the abdominal wall without fear of injuring the 
'a i he xi'C ot die continuous bath for seieral da\s before the 


1 1 "‘ n % 'dl otitn improit markedly the condition of the 
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patient's skin, but one must use great care in keeping the water at 
exactly the correct temperature 

15 Since the mesenteric vascular occlusion m three of our foui- 
teen cases played no part in causing the patient’s death, I feel justified 
m omitting those cases when calculating the mortality Eight of the 
eleven cases of mesenteric vascular occlusion that caused intestinal 
infarction proved fatal — giving a mortality of 72 5 per cent Five of 
our eight patients treated by laparotomy died — an operative mortality 
of 62 5 per cent These seem to be high figures, but when one learns 
that m 1904, Jackson, Porter and Quinby repoited a total mortality 
of 94 per cent and an operative mortality of 92 per cent for alt the 
cases known to have occurred up to that time, one realizes how 
peculiarly fortunate we have been m this clinic 

16 The hope of saving the lives of more patients with mesenteric 
vascular occlusion lies m recognizing promptly not necessarily that 
these patients have a mesenteric thrombosis, but that they have an 
acute abdominal condition demanding surgical mterfeience 



BILATERAL CHRONIC OPEN PNEUMOTHORAX CURED 
BY NEGATIVE TENSION 


REPORT OF CASE 

E M EBERTS, MD 
Surgeon to the Montreal General Hospital 

MONTREAL, CANADA 

The use of negative tension in cases of subacute and chronic 
empjema, in which pronounced thickening of the visceral pleura is 
absent, has a very definite field of usefulness, as is illustrated by the 
case here described 

REPORT OF CASE 

Histoiv — A man, aged 21, a resident of Troy, Vermont, was admitted to the 
Montreal General Hospital, May 18, 1920, with the history, given by his physi- 
cian Dr Adams, that the patient had developed influenza, complicated by pneu- 
monia Jan 29, 1920 February 25, at the patient’s home, an intercostal 
thoracotomy was performed for the drainage of a right-sided empyema Later 
he was rcmo\ed to a hospital in Massachusetts, and, March 23, a left-sided 
empicma was relieved by intercostal drainage Both wounds continued to 
discharge foul-smelling pus The temperature ranged between 99 and 101 F , 
with occasional exacerbations, accompanied by chills The patient lost ground 
stcadih There was progressive emaciation and the development of pronounced 
anemia 

Ma\ 17, approximateh three months from the date of drainage of the right- 
sided cmpvema, the relatives of the patient decided to remove him from the 
hospital to his home, as no hope could be held out for his recovery While 
cn route to Vermont, it was decided to bring the patient to Montreal He was 
admitted to the Montreal General Hospital, May 18, in a critical condition 

Lxamiuation — The emaciation was the most extreme that I have ever 
witnessed There was urgent air hunger, all of the accessory muscles of respira- 
tion being brought into plav With each inspirator} act, the mandible was 
depressed and the tongue pushed forward The face was evanosed There were 
audible rhonchi Thoracic movements were limited to the left upper half of 
tile ehe-t 

C our*, — Shortlv after admission a serious collapse occurred and death was 
thought to be imminent The patient, however, responded to hypodermic injec- 
tion-. oi c unphor and atropin 

V -oon a-- tin- condition permitted a roentgenogram was taken and the 
tbor u.totnv wounds inspected Through that on the right side, which was 
Jen in diameter and situated in the sixth intercostal space m the midscapular 
1 ’’ s> lid be -et.i at t tch inspiration the movement of the collapsed right 
’ ’e '■ v trd the opposite side I rom this wound there was a moderate amount 
te> ,1 (,i chares 




Fig 1 — Complete collapse of the right lung and partial collapse of the 
left lung The lung shadow on the left side, immediately above the ca\it\, 
is denser than normal The tube in the right pleural cavity was one -which 
was lost six weeks before admission, and extracted through the old thora- 
cotomy wound, shortly after the patient entered the hospital As evidence of 
the extreme emaciation, the absence of soft tissue contours should be noted 
in Figures 1, 2 and 3 



Fig 2 — Ca%it\ on the right side and almost complete obliteration oi the 
ca\itj on the left, with disappearance of the area of increased den £ it\ n 
the latter location occup-ung the middle zone shown in Tigure I reduced 
about one-third 
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On the left side a drainage tract was placed in the seventh intercostal space 
in the posterior axillary line, which was about 1 cm in diameter The discharge 
was similar to that on the right side There was a complete right-sided 
pneumothorax, while on the left only the lower lobe was collapsed Any attempt 
to turn the patient toward the left side increased the dyspnea 

A negative tension apparatus was adjusted on the right side, with immediate 
lessening of the respiratory distress, giving play, as it did, to the uncollapsed 
portion of the left lung Up to this point it would appear that the patient had 
been living on tidal air, with little or no vital capacity On the following day, 
May 19, negative tension was induced in the cavity on the left side During the 
ensuing fortnight this man passed through several respiratory crises, which 
were relieved by the administration of morphin and atropin 

Subsequently, there was rapid recovery of the appetite The patient remained 
afebrile The roentgenograms revealed progressive reexpansion of both lungs 
August 2, approximately eleven weeks after admission, he was discharged with 
both cavities obliterated 

COMMENT 

The extent of the emaciation may be gaged by the fact that, after 
the display of an exceptionally vigorous appetite for several weeks 
before leaving the hospital, the patient’s weight, estimated on admission 
to be about 70 pounds (317 kg ), on the day of discharge was only 
104 pounds (47 kg ) In October, two months after discharge, he 
weighed 134 (61 kg), and in December, 147 pounds (66 8 kg) In 
October he resumed work as a clerk m his father’s store, and has since 
been m normal health I think it is an undeniable fact that this patient 
would have died but for the employment of negative tension The 
drainage apparatus employed in this case was similar to the apparatus 
that 1 1 described in 1911 

219 Peel Street 
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OUTLINE OF TREATMENT OF FRACTURES 

SYLLABUS ADOPTED AT THE BOSTON CONFERENCE, APRIL, 1922 

For a long time now, and especially since the armistice, there lias 
been a stiong desire among surgeons to simplify and standardize the 
treatment of fractures The individual preferences were, befoie the 
wai, so diverse that this seemed impossible, and since the war few 
have believed that any group of men could get together and agree on 
the essentials of the treatment of fractures At a medical meeting held 
m January, 1922, it was suggested that an attempt be made by a group 
of men interested in fractures to come to some agreement as to the 
treatment of the more frequent ones Those present suggested that 
the Massachusetts General Hospital call the meeting, as the first 
fracture seivice had been established there, m 1917, by Dr Charles L 
Scudder 

The suggestion was taken up and the men who have signed this 
syllabus gathered at the Massachusetts General Hospital in April, 1922 
and agreed on the syllabus herewith appended, except in a few minor 
details which did not seem to be of vital importance 

The apparent unanimity of the group on all the essentials was so 
unexpected and seemed so important that it was determined to publish 
the syllabus as a guide for those who might desire some assistance 
It can obviously carry only the weight of the experience of the surgeons 
attending the confeience In regard to certain details, there are 
naturally minor differences of opinion 

The following surgeons have agreed to the essentials of the syllabus 
James M Hitzrot, William Darrach, Fordyce B St John and Seth M 
Milliken, New York, W Irving Clark, Jr, Worcester, Mass , Fred J 
Tees, Campbell B Keenan and Fraser B Gurd, Montreal, Canada, 
Fred A Coller, Ann Arbor, Mich , George W Hawley, Bridgeport, 
Conn , William S Baer, Baltimore, Astley P C Ashhurst and George 
M Dorrance, Philadelphia , Paul B Magnuson, Chicago , W x ^ 
Sherman, Pittsburgh, Murray S Danforth, Providence, R I , 1 ^ re 
L Scudder, Fred J Cotton, Daniel F Jones, Robert B Osgood, Zabdie 
B Adams, Henry C Marble, Torr W Harmer, Philip D 1 ~° 
Aithur W Allen, and George A Leland, Jr , Boston 

OUTLINE OF TREATMENT OF FR‘\CTLRES 

I First Aid . ot 

Every effort should be made to a\oid any injun additional to t ia 

the original trauma 

1 “Splint ’em where they lie'" 

2 Avoid e\erv unnecessary manipulation 

3 Transport with extreme care 

4 Treat am existing shock 
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II Examination 

As complete and thorough an examination as possible should be made 
without causing any additional injury 

1 Begin with painless procedures 

2 Search for crepitus and abnormal mobility only when these 
symptoms are absolutely essential The manipulation required 
to elicit these cause additional injuries 

3 Rule out, if possible, other associated injuries, especially those 
of nerves 

4 Elicit objective symptoms, which will be painful, only under 
an anesthetic 

5 Roentgen-ray" examination should be made as early as possible, 
‘'roentgenograms should be taken in two planes, stereoscopic when 

necessary, should be of sufficient size, and should be studied 
with detailed care 

III Diagnosis 

The simple diagnosis that a fracture exists is not sufficient All details 
of pathology of the soft parts, as well as of the bone, should be con- 
sidered, so as to visualize properly the problem of obtaining and 
maintaining reduction as well as the problem of repair and its 
probable duration 

IV Treatment 

Each fracture should be considered as an individual problem and the 
treatment directed not only to the injury of the bone but to that 
of the soft parts as well The pathologic changes following a fracture 
interfere markedly with the ease of reduction of displaced fragments 
These changes begin very soon after the injury Infiltration of the 
adjacent soft parts, coagulation and later organization of the blood 
are the most important 

1 Obtaining Reduction 

(a) Reduction of any existing displacement should be made 

as soon after the injury as possible, without waiting 
too many" hours for the roentgen-ray examination 
(fc) Reduction should be as gentle as possible 

(c) Reduction should be as complete as the mdnidual case 

requires 

(d) Reduction may be controlled by fluoroscopic examination 

in appropriate cases 

(c) Reduction should be checked b\ a roentgen-ra\ examina- 
tion as soon as practical 

(/) Manipulation should be carried out under an anesthetic 
with but few exceptions 

(g) Further attempts at reduction should be made as soon 
as the need is recognized 

2 Maintaining Reduction 

(er) Decide in each case the peculiar problem presented and 
select apparatus accordingly both for immediate aid 
subsequent use 

(b) A. decision should be reached as to how ea-l\ s] t i 

apparatus can be temporarih discarded to alV. ’< - 
massage and motion and Low long it shn 'd 5 e ' • >' 
in order to protect against mrthe- mu- 
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S C / nCeII ° US 15 m ° re rapid than ,n cortl “i bone 

( ) Rapid f y °/ f pair depend very largely on the blood 

supply of the fragments 

O) The atrophy of disuse must be borne in mind 
(/) The inherent value of any apparatus is of less importance 
than the skill with which it is used 
Plaster of Paris 


Circular plaster bandages are permissible only when com- 
pletely divided m at least one line 
4 Massage and Movements 

If carefully and gently carried out, massage and movements 
can be of the greatest help If roughly performed, they 
may do considerable harm One must differentiate, 
under massage, between 

(a) Gentle stroking without deep pressure 

(b) Stroking with deep pressure 

(c) Kneading 

One must differentiate between 

(a) Guided active motion 
(h) Unaided active motion 
( c ) Passive motion 

With these differences in mind, the various forms of each 
may be begun as soon as there is no danger of any 
additional injury or any displacement of the fragments 
resulting This gentle massage and movements may 
cause discomfort but should never cause actual pam 
The pam of forced passive movements usually means 
harmful stretching or tearing of soft parts, with addi- 
tional necessary repair 


V Operative Treatment 

Operative treatment is indicated when a satisfactory reduction cannot 
be obtained and maintained by nonoperative methods, provided there 
is no contraindication, and when the expected result of the open 
method is sufficiently better than that of the closed to justify the 
additional risk 

Futhermore, it is generally recognized and accepted that, in certain 
types of fractures, it is impossible to obtain satisfactory restitution 
except by' operative methods 

The operative method is recommended to those surgeons who ha\e 
had special training and experience, who ha\e the necessary skill and 
judgment, and who have the hospital facilities and surgical armamen- 
tarium w r ith which to do this work properly' In the case of those who 
do not have such facilities, operation is not advised 
Internal splinting of Jong bones is usually' best made by fixation witi 
steel plates and screws, having a minimum of foreign materia! but 
with maximum strength and ductility' The machine type screw on ‘ 
should be used The wood, or so-called carpenter, screws are conir i 
indicated m the cortex of bones A scrupulous nonhand contact 
technic should be carried out, with strict attention to detail i > e 
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skin should be carefully covered during the operation, and there should 
be special care and preparation of the skin before operation Intra- 
medullary fixation by bone graft or splints is contraindicated if am 
other method is possible 

Bone grafting is indicated chiefly in loss of substance and pseudo 
arthrosis It is not indicated in the treatment of acute fractures 
Every attempt to stimulate osteogenesis should be exerted before 
attempting to bone-graft for delayed union 

VI Compound Fractures 

In all compound fractures, patients are to receive tetanus antitoxin 
Compound fractures in which it is perfect!} evident that the wound 
of the soft parts is made by the protrusion of bone from within 
outward through the skin, and in which the wound is tiny, should 
have a thorough preparation of the skin by washing with benzm, 
shaving (away from the wound), drying with ether and the application 
of tincture of 10 dm to the skin and the wound itself, with sterile 
dressing Immediate reduction should be undertaken when indicated 
When a roentgen-ray examination is to be made before reduction, all 
the steps enumerated above, except reduction, are to be completed 
before the patient is sent to the roentgen-ray department 
In extensive compound fractures with a large wound 

1 Apply tourniquet only when it is obvious that some large vessel 
has been lacerated 

2 With a sterile sponge, carefully protect the wound from con- 
tamination while the skin is being cleansed, following the fore- 
going routine, in addition, chlorinated soda solution 1 40 ma> be 
found of value in removing grease If this procedure can be 
undertaken without too much pam and shock to the patient, it 
should be carried out before he is sent to the roentgen-rav 
department, if not, applv tincture of lodin onlv to the edges of 
the wound, and put on a large sterile dressing before roentgen-rav 
examination, and complete the procedure when the patient i« 
under anesthesia 

3 At operation debridement 

(a) Thorough exposure of wound bv generous incisions 

(b) Excision cn bloc of traumatized and infected tissues 

(c) Excision of skin at least 0 5 cm from the wound edges 

(d) Dead and dving fat fascia and muscle cut awav with 

sharp instruments until fresh bleeding occurs 

(r) Small bone fragments unattached to periosteum removed 
soiled hone surlaces rongeured 

(/) Hematoma dissecting between muscle planes should be 
carefullv evacuated 

(g) Frequent changes of gloves and instruments to insure 

against earning miection into deep portions oi womd 

( h ) Irrigation of the wound with salt solution to wash o 
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Figure 2 Figure 3 


Fig 2 — Thomas traction arm splint (Murrae pattern) Tin. rimr i\ padded 
with felt and cotered with leather and is hinged at its points ot junction with 
the frame 

Fig 3 — Method ot application of Thomas traction arm splint (Murras 
pattern) m fracture of the upper end ot the humerus \dheM\c tr ictio i 
strips are applied to the upper arm traction being obtained h\ \ eiJit ai d 
pulle\ The arm is supported on flannel or earn as strips pinned to the i i''e 
bars of the sphnt Tlie elbow mat be flexed a« -hown and suspended 1>\ ♦ i> ~ s 
of additional traction -trips to an oecrheod trame or it ma\ 1 h [Feed a 
the extended position in which case onh one pair oi trac’iun <tr p- e'tt a’ r 
from the wrist ncorh to the axilla is n-ed 






Figure 7 I igurc 8 

Fig 7 — Jones humerus traction splint 

Fig 8 — Method of application of Jones humerus traction splint Traction 
may be obtained as indicated ba means of a strap passing o\cr the upper end 
of the forearm, in which case a thick felt pad should be interposed between 
it and the skin In other cases, traction is obtained b\ adhesne strips applied 
to the mesial and lateral skin surfaces of the upper arm 




Ficurc 9 



Fieurt 10 


Fieirt 11 




of F J„J,i7 C °2 tS ’ , fraCt “f pkst ' r sp,m ’ M ^mm g the extreme po«,o„ 
of protmtio, , adduction and wrist flexion ,n which ,t may be necessary to place 

the hand after reduction of certain cases of Codes’ fracture 




Fig - 13 Plaster cock-up splint employed in certain cases of injury about the 
wrist 

Fig 14 — Long plaster cock-up splint holding the hand in the position of 
grasp, as required in fracture of the carpal scaphoid 



Fig 15 — Banjo splint (indicated in fractures of the metacarpals w > 1 1 15 
placement and in certain fractures of the phalanges) The splint is mat e o a 
molded plaster strip applied to the forearm, m which is incorporate 3 '' 
frame appropriate!} bent to meet the indication The traction is ° a,ne ,, 
adhesne strips fastened to the fingers and elastic tubing connecting iese 
the i\ ire frame One or all the fingers may be included as ncce 



Fig 16 — Bradford frame Canvas strips are laced across the frame, which 
is made of ordinary gas pipe, in such a way as to leave an appropriate interval 
for the buttocks under which the bed pan may be passed 



Fig 17 — Long plaster spica extending from the toes to the axilla used in 
fractures of the neck of the femur to hold the hip m the position of abduction, 
extension and internal rotation 



Tig 18 — Thomas traction leg splint 
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Fig 21 
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adductor 
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Fig 23 —Rainbow frame The overhead traction as used in fractures of the 
femur in young children is illustrated The child is lying on a Bradford frame 



Fig 25 — Cabot posterior wire splint applied with side splints in injuries 
about the knee 



Fig 26 — Pillow splint with lateral and posterior wooden splints, u s ed 3 
an emergency dressing in fractures of the leg 


Fig 27 — Method of application of Sinclair skate to obtain traction in 
certain fractures of the lower leg 



Tig 28 — Skeletal traction on the os calcis \ Stemmann or similar steel 
pin is passed through the heel either o\er the top or through the center of 
the os calcis To this pm, In means of an appropriate clamp traction In 
means of weight and pulle\ is attached (used in connection with the Thomas 
traction leg splint) 
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Fig 29 — Delbet plaster splint Plaster strips ^ tXa^two vertical strips 
padding to the leg, one encircling * e ^^ C ^ d °* ne spira l’ strip holding them 
on the mesial and lateral aspects of the ‘ e - cnd 0 f the tibia to the 

» Position Weight » transmitted fro® p P used as a convalescent 

plaster strips and by them carried to the malleoli 


brace 


NINETEENTH REPORT OF PROGRESS IK- 
ORTHOPEDIC SURGERY < 


ROBERT B OSGOOD, M D , ROBERT SOUTTER, M D , 

C HERMANN BUCHOLZ, MD, H C LOW, M D , 
MURRAY S DANFORTH, M D , LLOYD T 
BROWN, M D , PHILIP D WILSON, M D , 
and ARMIN KLEIN, MD 

BOSTON 

CONGENITAL CONDITIONS 

Hypophyseal Lesions and Congenital Depot unties — Samaja , 1 report- 
ing a case of congenital deformities of the lower extremities in a twin, 
associated with an abnormality of the sella turcica, suggests the possible 
relationship of congenital deformities to changes in the hypophysis 
Congenital Toiticolhs — Frankel/ on the basis of sixty-one cases in 
which operation was performed without relapse, advocates earl) open 
operation by means of a transverse incision in the crease of the neck 
near the lower end of the muscle The muscle is isolated and divided, 
and, if the fascia has been cut transversely, it is sutured longitudinally 
Only one insertion of the muscle is divided if correction can be accom- 
plished by this A plaster cast is applied in overcorrection, with traction 
away from the shoulder operated on 

[Ed Note — We believe it is nearly always wiser to divide both 
insertions and all contracted fascial bands if one is to avoid relapses 
We also have encountered rather alarming symptoms of respirator) 
distress during, and sometimes following, the application of an over- 
correcting cast while the patient is still under an anesthetic We con- 
sider it safer and quite as satisfactory to retain the correction by head 
ti action and sandbags for the first twenty-four hours at least, and then 
to applv the retentive cast when the patient is conscious ] 

Ccivical Rib — Taylor 3 has written a valuable paper on cervical ribs, 
with special reference to their surgical treatment Their well known 
\anation in size is no criterion as to the seventv of the scmptoms, and, 
with even the most rudimentary forms, there is usuall) found an 
aponeurotic band running from their tips downward to an attachment 
to the first true rib winch ma) cause the same s\mptoms as a complete 
cervical rib 


* This Report of Progress is based on a re\ ie\\ of 39S articles selected 
from 477 titles dealing with orthopedic surgen appearing in medical litera- 
ture between Tan 21 1922, and Ma\ 21 1922 Onh those papers which seem 
to represent progress ha\e been selected for note and comment 

1 Samaja Cliir d org di mo\ imento 5 690 (Dec) 1921 

2 r ranhel Arch f him Cliir 118 228 (X<w 24) 1921 

3 Ta\ lor New A orb State 1 M 22 97 (March) 1922 



196 


ARCHIVES OF SURGERY 


When these accessory ribs are present, the subclavian artery is 
placed at a higher level than normally, and when there is a bony con- 
nection between the cervical rib and the first true rib, the artery crosses 
the true rib just m fiont of the bony projection The motor, sensory 
and vasomotor pressure symptoms are evident about the thirtieth year, 
otten after some debilitating- illness, and are caused by the impingement 
of the eighth cervical and first dorsal roots on the false nb, as these 
roots arch over its superior surface 

The sensory symptoms are usually first to appear, affecting the ulnar 
side of the forearm and hand, and may be expected to progress unless 
treatment is begun Motor disturbances of insidious onset ensue, and 
atrophy of the small hand muscles, leading in some untreated cases to 
claw hand 

If the symptoms are of sufficient severity to demand operation for 
the removal of the accessory rib, the author advocates an anterolateral 
approach through an incision, beginning at the posterior border of the 
insertion of the sternomastoid, passing upward and outward to the 
border of the trapezius at an angle of 45 degrees with the clavicle The 
cervical fascia is divided along the outer border of the plexus, which is 
separated from its bed posteriorly sufficiently to expose the rib and allow 
gentle retraction of the plexus forward If the cervical rib is buried 
m the scalenus medius muscle, the palpation of the carotid tubercle 
serves as a guide Ah muscular and ligamentous attachments to the 
rib are divided by sharp dissection in order to leave the periosteum 
intact Care must be taken not to open the pleura The head and 
neck are finally freed, and the intimate relationships of the seventh 
cervical root and the vertebral artery must be borne in mind If the 
vertebral artery is wounded, it must he ligated at its origin It is of 
great importance to have good illumination As much of the rib as 
possible is removed, an attempt to enucleate cleanly the head and neck 
being made, though not always successfully The aponeurotic extension 
must be divided The wound is dosed without drainage 

Taylor considers the advantages of this method of approach to lie 
the following (a) It is sufficiently free to make possible complete 
removal and control of bleeding ( b ) It necessitates a minimum manipu- 
lation of the plexus (c) The whole dissection follows natural lines 
of anatomic cleavage (d) The scar is inconspicuous 

Five cases are reported and the article is well illustrated 
[Ed Note — We commented in the last (Eighteenth) Progress on 
the work of Sir Harold Stiles on this subject, and the variations vhic i 
occur m the formation of the plexus, m the so-called prefKec am 
postfixed types In the postfixed or lower formation type, a ' roc mg ^ 
true first dorsal rib may cause the same train of pressure si mptom s as 

a cervical rib 
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It is an interesting fact that the symptoms of pressure from cervical 
or first dorsal ribs ordinarily do not arise until the person is well 
advanced in adult life, Taylor says at about 30 years, and often follow- 
ing some debilitating illness Since the anatomic variation has been 
present since birth and yet given rise to no symptoms until man}'- years 
after full growth has been attained, there must be other factors which 
influence the onset of symptoms We believe one of these factors is the 
faulty postures which often become more or less habitual m later life, 
and which, if unrelieved, may well cause a nerve to impinge on a 
cervical or even on a first dorsal rib, giving rise to the typical symptoms 
and signs above mentioned Careful training in bodily mechanics and 
correct body and neck postures may bring about a subsidence of s)mp- 
toms and this attempt in early cases might well be made before the 
rather difficult operative procedure is undertaken 

We have also encountered numerous cases of neuntic symptoms in 
the arms closely simulating rib pressure symptoms, even to small hand 
muscle atrophy, which were associated with a cervical arthritis It has 
been possible to demonstrate this arthritis of the hypertrophic type in 
roentgenograms m patients between 30 and 40, as well as in older 
patients Fixation of the neck by a Thomas collar and physiotherapeutic 
measures applied to the cervical spine have resulted in a disappearance 
of the arm symptoms These cases emphasize the importance of taking 
lateral and anteroposterior roentgenograms of the whole cervical spine, 
as well as views of the cervical rib region ] 

Congenital Elevation of the Scapula — Salaghi, 4 in reporting a case 
of congenital elevation of one scapula due to malformation of several 
ribs and an associated scoliosis, inveighs against the use of proper 
names in designating a condition In his case, there were no abnormal 
attachments of the scapula to the spine, nor any muscular contractures 
No operative procedures were required, and, if the scoliosis could have 
been corrected, the elevation of the scapula would have been corrected 
as well To speak of the case as Sprengel’s deformity would not 
properl}’- describe the condition 

[Ed Note — The Editors in previous Reports of Progress have 
found occasion also to plead for the general abandonment of the u^e 
of proper names to describe lesions or diseases We shall probabh not 
escape from certain classical exceptions, sanctioned b} long usage but 
Salaglu’s point is well taken Proper names, unless one is familiar with 
the literature, fail to suggest pathologic conditions and can never be 
descriptn e ] 

Komg’s Opciation foi Congenital Elczation of the Siapula — 
Giauhan 5 has obtained such a satisfactorv result trom Komg - opera - 

4 Salaghi Policlinico 28 521 (Dec 15) 1921 

5 Gnulian Arch f orthop 19 408 1921 



198 


ARCHIVES OF SURGES 1 


t.on in a 17 year old patient with congenital elevation of the scapala 
hat he considers the operation should have a wider employment In 
ns case, there was union of the transverse processes of the second and 
third dorsal vertebrae on the left to the mesial border of the scapula 
1 ie supraspinous portion of the scapula was prominent at the front of 
the neck, and the arm could be elevated only slightly beyond the 
horizontal plane Theie was absence of the lower portion of the 

trapezius muscle The incision was vertical, along the lower half of the 
mesial bordei of the scapula The periosteum was split and elevated 
d lie portion of the scapula united to the vertebral transverse processes 
was separated The lower corner of the scapula was drilled, and a 
gauze loop passed through by means of which the whole lateral or 


external portion was drawn downward, 3 or 4 cm The detached 
portion with its vertebral attachments was then reunited to the lateral 
portion by wire sutures A strip of fascia was passed through the drill 
hole m the inferior part of the scapula and employed to anchor it in 
place Gymnastic exercise and medicomechamcal treatment followed 
In a short time after the operation, the arm could be elevated to the 
perpendicular position 

Congenital Dislocation of the Shonldei — Coudray 6 reports two cases 
of luxation of the shoulder from arrested development or malformation, 
one in a child and one in an adult The right arm in both cases was 
useless In the child, the head of the humerus was nearly normal in 
shape Massage and exercise were followed m the child by prompt 
and progressive improvement, so that the hand could soon be raised 
to the head The malformations m the adult were too extensive to 
be influenced by this treatment 

Spina Bifida Occulta — Von Fmck 7 has made a study of spina bifida 
occulta based on dissection findings m cadavers of new-born infants and 
in older living patients He divides the cases into two groups (1) those 
in which the spinous processes are rudimentary or lacking, and (2) 
those m which there is a lack of closure of the arches These clefts 
tend to ossify before or at puberty, so that rarely does any defect 
last beyond this age The condition is much more common than is 
generally supposed, and 35 per cent of those cases examined by the 
author showed signs of the lesion The higher the defect, the more 
complete the cleft is likely to be, and the more sec ere are the symptoms 
With the defects in arch closure in the upper vertebra, there often 
exists a fatty mass in the spinal canal A foveola coccyges, hyper 
trichosis, pressure pain, club feet and scoliosis are the usual signs nnr 


6 Coudrac Bull de l’Acad de med 86 262 (Noe 15) 1921 

7 Von Finck Ztschr f orthop Chir 42 65 1921 
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symptoms, and especially unfavorable is the prognosis of those cases 
in which a scar is found in the midst of the area of hypertrichosis 
The author has collected forty-six cases m the corpses of the new-born 

Modelling's Defonmty — Brandes S * * 8 has reexamined two cases ot 
Madelung’s deformity of the wrist which he had described ten years 
previously The patients were sisters, and their father had suftered 
from the same condition The curve and expansion of the radius and 
the obliquity of the epiphysis had increased He believes the condition 
to be usually congenital and to consist of a disturbance of growth of 
the epiphyseal cartilage This disturbance of growth he considers 
primary, and the bending of the radius secondary There may be other 
cases presenting a somewhat similar picture which may be the result 
of late rickets, in which the torsion of the radial shaft and its ulnar 
concave bending are primary 

Congenital Luxation of the Patella — Mouchet and Durand 0 report 
a case of bilateral congenital outward luxation of the patella success- 
fully relieved by operation, in a boy of 10 years They reconstructed 
the patellar apparatus by transplanting inward the tubercle of the tibia, 
after having drawn the patellar tendon and detached tubercle through a 
buttonhole in the anterior capsule of the knee joint 

Congenital Dislocation of the Hip — Thomas 10 reviews the problems 
presented by this condition on the basis of forty-four cases observed 
in a weekly orthopedic clinic during a period of eleven years He 
believes heredity to be an important factor He strongly favors the 
manipulative method, recognizing the occasional necessity for open 
operation The control of the cases in the first three or four years of 
life he considers of great importance, and, m the selection of cases, 
he believes Ridlon’s rule is the safest to follow, namely, to exclude 
fiom attempts at manipulation all patients under 2, with shortening of 
less than 1 inch (2 5 cm ), and all patients o\er 5 with shortening of 
moie than 2 inches (5 cm ) The success of the procedure depends, in 
Thomas’ opinion, on (a) the control of the early years of the child's 
life, ( h ) the ability of the surgeon to interpret the relation of the hi]) 
joint structures by his fingers, and (r) great gentleness of manipulation 
Severe tearing or stretching of the tissues and forcing of the head into 
the acetabulum to deepen it, Thomas behexes are responsible for the 
latei deformation of the head and the arthritic changes which we now 
know aie so common 

S Brandes Ztschr f orthop Clur 42 20, 1921 

9 Mouchet and Durand T de clnr 18 225 (Sept ) 1921 

10 Thomas H B Congenital Dislocation of the Hip 1 \ M \ ~S '2' 

(Teh 4) 1922 
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, encke confirms the interesting obseivation of Schanz that, since 
the war, in the German clinics, there has been a marked decrease m the 
mimbei of cases of congenital dislocation of the hip, and a marked 
increase m the number of cases of congenital clubfoot Congenital 
dislocation of the hip occurs about seven times more frequently among 
girls than among boys, and congenital clubfoot is twice as common in 
boys as in girls The increase in male births since the war is held 
responsible for these phenomena 


Clubfoot Hahn, 1- in discussing the etiology of equmovarus, has 
been impressed with the strong hereditary factor which Felsher esti- 
mated at 66 6 per cent , and with the large percentage of acquired 
types, varying, according to different observers, from 24 to 40 per 
cent , associated chiefly with inherited changes m the vertebrae, most 
commonly with spma bifida occulta He also finds the condition twice 
as common in males as in females and a little more commonly bilateral 
than unilateral in the congenital cases 

Gaugele 13 reserves the employment of open operative procedures 
for the cuie of clubfoot for those cases m which, after two or three 
thorough ledressments in plaster, an obstinate adduction of the fore- 
foot persists, especially adduction of the great toe If, m these cases, the 
outer border of the foot is pressed upward, the great toe becomes 
plantar flexed and adducted He believes this is due to the fact that 
since the outer border of the foot is longer m these cases than the inner, 
the base of the fifth metatarsal opposes any straightening of the outer 
convexity In several cases, the author has removed the base of the 
fifth metatarsal and freshened the adjacent surface of the cuboid to 
obtain union He has found it possible immediately to correct the foot 
after this procedure, the plastei being applied with the forefoot m 
strong abduction 

Congenital Flatfooi Backwaid Luxation of the Fibula V olkmanus 
Defoi nitty of the Ankle — Brandes 14 reports an instructive case of a 
7 year old child with congenital flatfoot, m whom the fibula was well 
behind the tibia and the tendon of the peroneus bievis luxated forwar 
over the external malleolus A transplantation of the tibialis anticus 
into the sustentaculum tali, performed a year previously, had fade 
to correct the position Brandes transplanted the peroneus longps into 
the scaphoid, lengthened the contracted and forward placed peroneus 
brevis, and, after shortening the Achilles tendon, transferred its 
insertion mesially A year and a half later, the foot was overcorrecte 


11 Blencke Zentralbl f Chir 48 1625 (Nov 5) 3921 

12 Hahn Ztschr f orthop Chir 42 151, 1921 

13 Gaugele Arch f orthop 19 455, 1921 

14 Brandes Ztschr f Orthop Chir 42 38 1921 
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and the varus was increasing so steadily that it was necessary to redress 
the foot again, shorten and displace forward the peroneus brevis and 
transplant the extensor longus hallucis into the fifth metatarsal 

RICKETS, OSTEITIS FIBROSA, OSTEITIS DEFORMANS, ETC 

Rickets — Cozzohno 15 well sums up the arguments against the 
theory that the absence of fat soluble vitamin A is the cause of rickets 
(1) While cod liver oil helps to cure rickets, the improvement is ne\er 
so rapid as is the change in infantile scurvy when food rich in vitamins 
is given (2) Rickets may develop on any diet (3) Rickets shows a 
tendency to spontaneous C?) cure, while infantile scurvy (a disease 
known to be due to lack of vitamins) almost certainly will cause death 
unless treated (4) While cod liver oil will cure rickets, phosphorus 
alone will do the same (5) In experimental work on animals, rickets 
may develop m an animal on a diet rich in vitamin if he is confined 
closely, while it may not develop in an animal at liberty, though on 
a diet free from vitamins (6) Treatment with violet rays or helio- 
therapy cures rickets 

Dodds, 10 as a result of experimental work, finds that the urinary 
diastase and fat content are greatly increased In seventeen cases of 
rickets, the mean was 154 diastatic units, the normal number being from 
6 to 30 This diastatic power falls during convalescence The fat in 
the feces he also finds increased in his series, representing 75 per cent , 
as compared with 20 per cent in a series of nonrachitic children Dodds 
maintains that these findings suggest a pancreatic lesion in rickets, and 
that, as a result, there is a poor production of fatty acids and, conse- 
quently, a poor absorption of calcium 

Hess 17 reviews the newer aspects of the rickets problem In 
addition to the two well recognized factors of improper diet and lack 
of sunlight, rate of growth and pigmentation of the skin are important 
in the development of rickets With a rickets producing diet, the 
disease will or will not develop, according to the dosage of light Rats 
fed with this diet do not have rickets if the proper dosage of the 
mercury vapor lamp is gnen, or if phosphorus is administered The 
pigmentation of the skill affects the potencv of light If group- of 
white and black rats are fed a rickets diet and given a quartz mercury 
light treatment, the white ones will not decelop rickets, while the black 
ones wall do so The darker the skin the more light is required to 
protect against rickets The relatne importance of the-e factor- i- not 

15 Cozzohno Pedntria 30 97 (Feb 1) 1922 

16 Dodds Brit M I 1 511 (April 1) 1922 

17 Hess \ F Xewcr A-ptcls oi Richcl- Problem T \ M t 11// 

( April 22 ) 1922 
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yel satisfactorily understood Experiments were earned out m a 
large institution foi the care of children and in the laboratory which 
seem to indicate that the fat soluble vitamin is not the dominating 
factoi Animals deprived of it develop an osteoporosis, but not a true 
rickets The examination of the blood of the infants revealed that 
clinical rickets may precede the decrease in the inorganic phosphates m 
the blood, which becomes lowered later as the signs seen in the 

1 oentgenograms appear There is some factor which determines its 
level 

Hess, 18 woiking with Pnppenheimer, has demonstrated that rachitic 
lesions which develop regularly in rats on a diet adequate m calcium, but 
low in phosphorus, were prevented by short exposures to direct sun- 
light They calculated that this protection is equivalent to the addition 
of at least 75 mg of phosphorus to the diet , in the form of basic 
potassium phosphate 

Powers, Park, Shipley, McCollum and Simmonds 19 have been able, 
m rats fed on a rickets producing diet, to protect them from the 
development of the disease by exposing them to the irradiation of a mer- 
cury vapor quartz lamp It is possible to say also that such irradiations 
affect the whole organism and not the skeleton alone There is a 
favorable effect on muscular development, storage of fat, growth of 
the hair, sexual development and reproductive power As far as they 
have been able to discern, the effects of the irradiation from the 
mercury vapor quartz lamp m bringing about an efficient utilization of 
the substances which are directly or indirectly concerned with ossifica- 
tion and calcification, and in promoting general bodily vigor, are m no 
way different m respect to these matters from the action of cod liver oil 
or sunlight 

Huldsclnnsky 20 reports the clinical and roentgen-ray cure of a case 
of severe rickets in a child of 3 by eighteen exposures to soft roentgen 
rays in a period of two months He does not advocate this somewhat 
dangerous method of therapy, when equally good results may be obtained 
from other harmless forms of light, rich in ultraviolet rays, but looks 

upon the results as experimentally important 

Shipley, Park, McCollum and Simmonds, 21 as a result of their 
experiments, have come to the conclusion that there are probably two 
forms of rickets One is characterized by a normal or nearlj norma 


18 Hess, A F , Unger, L J , and Pappenheimer, A M 
50 77 (Tan) 1922 

19 Powers, Park, Shiplej, McCollum and Simmonds Bull 


J Biol Chciu 
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Hosp 33 12S (April) 1922 

20 Huldschinshy Ztschr f orthop Chir 42 240, 1922 

21 Shipley, P G , Park, E A , McCollum, E V and Simmonds N ^ 
There More Than One Kind of Rickets? Am J Dis Child 
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blood calcium and a low phosphorus (low phosphorus rickets), and the 
other by a normal or nearly normal blood phosphorus, but a low blood 
calcium (low calcium rickets) They suggest the possibility that there 
may he a true renal rickets, and that the rickets accompanjmg the 
alimentary anemias may represent a somewhat different kind of dis- 
turbance in metabolism from that which is present in the ordinary 
forms of the disease 

The same authors, 22 by feeding animals with a diet low in phos- 
phorus and in an undetermined organic substance and relatively high m 
calcium, have uniformly noted a disappearance of calcium from the 
epiphyseal cartilages and the metaphyses, as seen in the roentgenograms 
The reappearance of this provisional zone of calcification, after the 
addition of any substance to the rickets producing diet, constitutes a 
test for the calcium depositing value of their substance For example, 
cod liver oil to the extent of 2 per cent by weight of the diet causes 
this provisional zone of calcification to be reformed in five days, 0 4 per 
cent of cod liver oil fails to cause this zone of calcification to appear, 
and 1 per cent causes a less complete calcium deposition in five days 
than 2 per cent This test may be utilized to determine the efficacy of 
any agent to heal the rachitic lesions 

Shipley 2d again emphasizes the fact that the normal calcium phos- 
phate ratio in the blood is altered m rickets The normal calcium 

content is from 9 to 11 mg for each hundred cubic centimeters of 

blood, the normal phosphates are from 4 to 6 mg for each hundred 

cubic centimeters If the calcium falls below 5, there is tetany either 
latent or manifest, that is, in cases of rickets with latent tetany there 
is marked blood calcium reduction 

Jacobsen 24 reports excellent results following manual correction of 
rachitic deformities of the legs, after the application of a plaster cast 
to the entire limb This cast is allowed to remain on from six to 
nine weeks, depending on the age of the child He considers all actne 
and sclerosing types to be suitable for this method The correction 
often requires much force, and frequently slight infractions of the 
cortex occur After correction, a new plaster cast is applied for four 
weeks and cod liver oil and phosphorus are administered Massage is 
instituted, and the child is allowed to be up in two weeks more 

Osteitis Ftbiosa — Young and Cooperman, 25 after reporting a case 
of the generalized form of this disease in a colored woman of 21 (first 

22 McCollum, E V , Simmonds, Y , Slnplea, P G and Park E \ 

I Biol Cliem 51 41 (March) 1922 

23 Slnple\ Paper read before Medical Societ' of State oi N'ew A ork 
April 1922 

24 lacobsen Munchen med \\ chn«chr 68 920 fluh 22) 1921 

25 doling T K, and Cooperman M B Ann Surg 75 171 (Tth ) 1°22 
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case reported m this race), conclude that under the term osteitis fibrosa 
should be included benign bone cysts, giant-cell sarcoma of the epulis 
type, hemorrhagic osteomyelitis and the generalized form, or von 
Recklinghausen’s disease They consider that these conditions represent 
a pathologic entity characterized by metaplasias of bone They believe 
that local osteitis fibrosa and benign bone cysts are dependent on trauma 
and that the generalized form must represent grave nutritional disturb- 
ances, possibly caused by endocrine dysfunction, chronic low grade 
infection and a faulty calcium metabolism 

Morton 26 has made a very complete report of a case of the 
generalized form m a man of 23, who had suffered from the disease 
for many years and who presented an extreme deformity of the right 
femur and lesions demonstrable by the roentgen rays m the skull, right 
humerus, radius and ulna, and both tibias and fibulas Two osteotomies 
of the right femur were performed after a failure to correct the deform- 
ity by wedging a plaster-of-Paris bandage The femur united well, 
and six months later, the patient was using his corrected leg freely 

Buttle Bones and Blue Sclerotics — The association of blue sclerotics 
with brittle bones is said to have been first described by Eddowes in 
1900 He suggested that the transparency of the sclera indicated a 
lack of quantity or quality of the fibrous tissue forming the framework 
of various organs of the body and probably explained the lack of 
spring and toughness in the bones The importance of heredity has 
been repeatedly observed, and Alexander 27 reports a case of fragihtas 
ossiurn associated with blue sclerotics m four generations Mallardi 2 " 
also reports a case of fragihtas ossium (or osteopsathyrosis) m a child 
of 3, with seven recent fractures, which had occurred without pain and 
which healed promptly, leaving some swelling in the region of the 
break There was present in his case also a striking degree of blue 
in the sclerotics 

“Mai blc Bones ’’ — Schoenberg, in 1904, described a peculiar affection 
which has been termed “marble bones,” consisting of increased calcium 
deposit in the bones and increased fragility Schulze 20 reports the 
seventh case with the result of a necropsy This revealed marked o\er- 
deposition of calcium in the diaphysis, a narrowing of the marrow space, 
irregularities of the epiphyseal lines, and club-shaped disappearance of 
the diploe and narrowing of the canals for the vessels and ner\es ot 
the skull which in his case explained the optic nerve atropln There 
were deposits of calcium m most of the organs 

26 Morton, J J Generalized T\pe of Osteitis Fibrosa Cjstica Arch 
Sure 4 534 (Mat) 1922 

27 \le\ander T B Brit M J 1 677 (April 29) 1922 

25 Millirdi Pedntria 30 75 (Jan 15) 1922 

20 ^cluilzt \rch t khn Chir 118 411 (Xo\ 24) 1921 
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TUBERCULOSIS 

Tube) culosis of the Joints of the Uppei Extiemity — Valtancoli 30 
reviews the cases of tuberculous joint disease of the upper extremity 
which have been treated at the Istituto Rizzoh for the last twenty-one 
years, 1899-1920 There were eighty-six of these cases, a ven small 
number when compared to the number of cases of tuberculous joint 
disease of the lower extremity Only hospital ward cases are included, 
however, and many cases were ambulatory Forty-one of the eighty-six 
cases were disease of the elbow, twenty-eight of the wrist, and seventeen 
of the shoulder For the first eleven years of the period, the treatment 
had been largely surgical, consisting of total or partial resections For 
the last ten years, it has been largely conservative, consisting of fixation 
and heliotherapy The results of both forms of treatment were evi- 
dently good , but it is interesting to know that conservative treatment has 
largely replaced the operative in this important institution where such 
able surgeons as Codivilla and his successor Putti have been responsible 
for the care of patients 

Tube) culous Tenosynovitis of the Hand — Kanavel, 31 at the meeting 
of the Western Surgical Association, called attention to the fact that 
tuberculosis of the tendon sheaths of the hand may occur in both the 
dorsal and palmar groups An early diagnosis, based on the suggestive 
fulness over the sheaths, the slight stiffness of the fingers, and the 
inability to flex or extend them completely, is of great importance 
If one waits before operating until rupture has taken place or there 
has been a destruction of the tendon which will ensue if the process 
is long continued, the results are likely to be unsatisfactory The 
operation should be thorough, completely removing all tuberculous tissue, 
even including the tendon if necessary, in which case a plastic operation 
will be required to restore function 

Exner 32 describes a case of tuberculosis of the palmar fascia closely 
resembling Dupuytren’s contracture in a girl, aged 20 years The dis- 
ease tissue was excised This showed tuberculous granulations, a little 
caseous material and a marked tendenc) to the formation of connectne 
tissue 

Vcitcbial Tuba culosis, Pott’s Disease — Matheis, 33 on the basis of 
twenty cases of tuberculous spondylitis in adults treated since 1919, 
considers the result of consenatne treatment to be discouraging and 
the result of treatment b\ the bone graft method much better He 

30 Valtancoli Chir d org di mo\ imento 5 652 (Dec ) 1921 

31 K*ina\el A B Tuberculous Tenos\ no\ ltis of the Hand ibur 1 \ 

M A 78 304 (Tan 28) 1922 

32 E\ner Wien klin Wchnschr 34 252 (Mai 26) 1921 

33 Afatheis Wien him Wchnschr 34 557 (Xoi 37) 1923 



206 


ARCHIVES OF SURGER1 


believes the operation is advisable only in adults, since in children we 
may expect an ankylosis from conservative treatment, and the length 
of time taken for a cure is not a serious matter His conclusions are 
similar to those of Baer, 34 who reports the results of fifty operations 
by the Albee method, performed at least two years previous to the 
report Those patients operated on during the period of growth showed 
less than 33 per cent of good results Those operated on after 16 
showed 90 per cent of good results All of the grafts m the cervical 
region showed poor results The longer the duration of the disease 
before the operation, the better the results , but the greater the kyphosis 
at the time of operation, the least likelihood of cure He believes 
artificial support is necessary for at least six months after the operation 
in adults and for from two and one-half to three years in children His 
conclusions are that in infancy the operation is of questionable value, 
that it may be of value m carefully selected cases in the growing period 
of 6 to 16 years, but must be considered only as an aid to proper 
mechanical treatment , that in adults the operation is indicated in the 
majority of cases, but that mechanical support should be employed for 
at least six months after the operation 

Cofield 35 calls attention to hypertrophic bone changes which take 
place in a certain number of cases of tuberculous spondylitis during the 
active stage of the disease He has demonstrated these changes in 
ten out of 100 cases which he has studied These changes he looks 
upon as nature’s attempt to ankylose the diseased area by means of 
bony bridges It seems to be peculiar to the adult form, and Cofield 
considers that it suggests the essential soundness of the principle of 
operative fixation by means of a fusion operation or a bone graft 

Multiple Foci nt Tube) culous Spondylitis — Peabody, 30 in an exami- 
nation of 312 roentgenograms of tuberculosis of the spine, discovered 
thirteen in which there was more than one separate focus of disease 
Since man} of the cases showed onl} the area of suspected disease, 
Peabod} behe\es the actual percentage to be higher than this 4 per cent 
pei haps as high as S per cent 

Wimberger 3 ’ also reports a case of a bo} with a healed process 
imolung the second and third lumbar vertebrae and an actne process 
in the se\ enth, eighth and ninth dorsal -vertebrae 

[En Note — These cases are instructive and the Editors ha\e met 
several m •which two separate areas of disease existed, one of which 
was unsuspected at the time an ank\ losing operation on the more .actne 

>4 Baer \\ S Bull Johns Hopkins Hosp 33 140 (April) 1922 

35 Cofield R B T Bone K. Joint Surg 4 332 (April) 1922 

36 Peahodj C W Ann Surg 75 95 (Jan ) 1922 

37 \\ iniherger Wien hhn W chmchr 35 102 (Feb 2) 1922 
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focus was performed, but which became active later and required a 
second ankylosing operation It is evidently important before sub- 
jecting the patient to an operation, to study carefully roentgenograms of 
the entire spine in the search for unsuspected early or inactive areas 
of disease ] 

Diagnosis of Eaily Hip Joint Disease — Rugh 3S considers the most 
important indications of early tuberculous hip joint disease to be 
(1) the history, (2) the intermittent limp, (3) the muscular spasm, 
(4) the limitation of motion m all directions, (5) the position of the 
limb, i e , apparent shortening or lengthening due to permanent abduc- 
tion, adduction or flexion, (6) the atroph) of the muscles, (7) the 
referred pains, to the knee especially, (8) the night cries, (9) the slight 
elevation of temperature, and ( 10) the roentgen-ray findings 

Rugh says that the conditions most likely to be mistaken for tuber- 
culous coxitis are (1) rheumatism, (2) growing pains , (3) sjnowtis, 
(4) genital irritation, (5) epiphysitis, (6) acute rickets, (7) infantile 
scurvy, (8) contraction of the psoas muscle, (9) disease of the spine 
or knee, (10) coxa vara and coxa plana or Legg Cahe, Perthes’ 
disease 

[Ed Note — If under the term rheumatism, Rugh includes those 
very frequent cases of hip joint pain and limitation of motion which 
arise from digestive upsets and intestinal absorption, we should agree 
in placing this first in his list of conditions wduch closely resemble early 
tuberculous coxitis In fact, it is our experience that often one cannot 
make a positive diagnosis in a case of this sort at the first visit The) 
may present an inconclusive history, an intermittent limp, muscle spasm, 
limitation of motion in all directions, abduction, adduction and flexion, 
referred pains, night cries, slight elevation of temperature Earl) 
tuberculous coxitis may show little or no muscular atroph) and incon- 
clusive roentgenologic findings, as do these cases We behe\e this tram 
of hip joint symptoms from intestinal infections or absorption of toxins 
are comparatively common We see more cases of these fleeting dis- 
turbances than of true tuberculous coxitis The) are easih mistaken 
for the more serious condition, but the) seem to demand onlv freedom 
fiom weight bearing and thorough evacuation of the bowels b) means ot 
abdominal massage, laxatives, and sometimes even enemas after which 
the symptoms disappear verv quickl) to be repeated if the intestines 
again become clogged The absence of atroph) and the rather sudden 
though often painless onset of the limp and joint motion limitation 
should make us suspect this nontuberculous coxitis and refrain from too 
completely fixing the joint and undul) alarming the parents In the-c 
doubtful cases, it is safer to insist on recumbence and while the svmp- 
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toms exist, treat the case as if it were the more serious condition, but 
surelv not condemn the child to permanent fixative treatment until we 
are sure of the diagnosis 

Eicision of Os Cal as for Tuba culo us Osteitis — Wakeley 39 reports 
the late result of a complete excision of the os calcis for tuberculosis 
The operation was performed twenty-one years ago when the patient 
was 20 years old, and he can walk several miles without discomfort or 
limp The heel has filled up with a large pad of fat 

Diagnosis in Tuba adosis of Bones and Joints — Kisch 40 has written 
a useful paper dealing with the frequent blunders that are made in the 
diagnosis of tuberculosis ot the bones and joints He points out that a 
patient with a gonococcal joint will usually remember the day of onset 
and describe more pam than will a patient with a tuberculous joint The 
roentgenogram of a tuberculous joint will show trabeculae more clearly 
than a gonococcal joint, m which they are less distinct and the shadow 
more hazy A sternoclavicular joint disease is more often syphilitic 
than tuberculous A flocculent exudate on aspiration speaks for tuber- 
culosis rather than a syphilitic or gonococcal effusion The most con- 
clusive evidence is obtained by animal inoculation of the exudate 

Treatment of Bone and Joint Tuba culosts by Injections of Tubeicle 
Bacdh Split Products — Joannovics showed that split products of 
tubercle bacilli fermentatively obtained had the property of disorgan- 
izing breaking down and attacking injured tissue In animal experi- 
mentation, they caused a production of normal granulation tissue by 
their effect on the diseased granulation tissue Stracker 41 has employed 
injections of these products to the limit of reaction, every second day, 
for two months Tenderness and pam on motion disappeared, except 
m the severe cases, but no rapid or complete disappearance of symptoms 
occurred At first there seemed to be an increase m the discharge from 
sinus cases He realizes that his experience is too short and limited to 
be conclusive, but he believes he has demonstrated at least that no 
very rapid cures may be expected and he questions whether, in his 
healed cases, the element of time was not more important than the 
specific medication 

S\ PIIILIS 

Bone Changes m Congenital Syphilis — Dernbo, Litchfield and Foote, 4 ' 
writing on the foregoing subject, consider the diagnosis a comparatively 

39 Wakelcj , C P G Brit J Surg 9 553 (April) 1922 

40 Kisch \rcli f Klin Chir 118 481 (No\ 24) 1921 

41 Strieker \\ icn klin \\ chnschr 34 569 (Xo\ 24) 1921 

42 Dernbo L H Litchfield H R , and Foote, J A Bone and Joint 
Ounces in Congenital Siphilis, TAM \ 78 319 (Feb 4) 1922 
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easy one to make if the history is carefully obtained from the mother 
and search made for other manifestations of the disease, in which 
search the roentgen ray is of special value The Wassermann reaction 
is of marked positive, but less negative, value Syphilitic epiphysitis is 
often of very acute onset, with swelling, tenderness and pain Syphilitic 
dactylitis is usually multiple, while tuberculosis involves ordinarily one 
finger alone and the first phalanx of the index finger is its most 
common seat 

Among forty-three infants suffering from inherited syphilis, 
Thoenes 43 found the distal epiphyses of the ulna and radius were the 
favorite spots for localization of the syphilitic changes , but they w ere 
not completely symmetrical He noticed also that roentgenograms 
seemed to reveal more severe bone lesions in cases free from cutaneous 
signs of the disease 

Skinner , 44 in an article on the roentgenology'- of bone syphilis, com- 
ments on the fact that the roentgen-ray records are rarely paralleled 
by the clinical symptoms The lesions show n by the roentgenograms are 
much more extensive than the clinical findings He calls attention to 
the fact that the essential process m bone syphilis is constructive 

paraia sis 

Value of Colloidal Gold Reaction in Acute Epidemic Poliomyelitis — 
Regan and Cheney 45 made the colloidal gold test of seventy -four 
specimens of spinal fluid obtained from tw r enty r -one cases of acute 
epidemic poliomyelitis The fluids w r ere examined at mter\als varying 
from the fourth to the one hundred and twenty-third day' of the disease 
The predominant type w r as the my'ehtic, most of the cases presenting 
symptoms of moderate or marked polyneuritis The authors aie tairh 
w'ell convinced that a relationship exists between the duration of the 
positive colloidal gold cune and the acute inflammatory stage ot the 
malady They' have been led to beheee that wdien the reduction of the 
gold chlond becomes noimal the acute period of the disease o o\cr 
If this is so, the reaction may well be of \alue as .in index of the 
appropriate time for passing from the treatment of complete rot to the 
more energetic phy siotherap\ The\ ha\e noted ako that with the 
gradual subsidence of the colloidal gold cune there is U'-ualK a corre- 
sponding nnproi ement m the patients general condition and in ho 
paralvtic and meningeal sunptoms No close relationship w> lomid 
between the cytolog\ and chemistn of the spmal fluid and the gold 

43 Tlioenes Arch f Kinder!) 70 252 (lan 2R ) 1°22 

44 Skinner E H Am I Siphihs C 5S dan) 1 °22 
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chlorid reaction The chemistry and cytology of the spinal fluid seems 
to return to normal almost as soon as the acute symptoms have subsided, 
while the gold chlorid curve returns to normal more slowly, remaining 
elevated usually after other pathologic signs m the spinal fluid have 
disappeared The colloidal gold test proved in their hands of no special 
prognostic value in the fatal cases It was usually more marked, but 
did not differ sufficiently in the first few weeks from the non fatal acute 
cases to be helpful 

Pohomyehhs zvith Co> heal Involvement — Clark, 40 in an analysis of 
thousands of cases of epilepsy, has encountered only three in which 
poliomyelitis has been followed by enduring epilepsy A disposition of 
the epileptic type was present in all of these three before the attack of 
poliomyelitis, one of them being a typical epileptic in temperament and 
mental makeup Clark believes that the predisposition to the disease 
existed before the paralytic attack He can offer no surmise as to what 
the meningeal or cortical lesion coincident with the poliomyelitis 
represents 

Poliomyelitis and Epidemic Encephalitis — Cadwalader 4 ' states that 
clinical phenomena presented by certain nonparalytic cases of acute 
poliomyelitis, influenza and epidemic (lethargic) encephalitis are so 
similar that one must depend largely on the knowledge as to whether 
an epidemic of one or the other is prevalent In poliomyelitis, the 
seventh cranial nerve is most often affected, while in epidemic encephal- 
itis the third nerve is commonly involved The author considers 
epidemic (lethargic) encephalitis an infectious disease possessing a 
separate and distinct entity It differs from poliomyelitis particularly 
in the long survival of the virus in the central nervous system Its 
course, therefore, may be very irregular and exhibit remissions and 
exacerbations extending over months or years The diagnosis between 
the two conditions, however, will often be impossible if only the sub- 
jective and objectne signs are considered 

Paialysis fiom Section of Spinal Coid — Lhermitte and Pagmez 48 
report the case of a child of 13 who sustained a complete section of the 
spinal cord m the dorsal region from a severe trauma at the age of 3 
Although there was complete parahsis of the lower limbs, their normal 
growth had not been materially altered They conclude that the 
s} mpathetic ner\ ous sv stem must largely control growth and regener- 
ation of tissues and that this case offers a strong argument against 
the existence of trophic cerebrospinal centers 

-16 Clark L P New \ork M [ 115 131 (Teh 1) 1922 
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ARTHRITIS 

Clu onic Infectious Ai tin itis — Billings, Coleman and Hibbs 40 ha\ e 
studied the end-results of treatment of 411 cases of chronic arthritis 
They consider that their investigation confirms the view held by a major- 
ity of clinicians that chronic deforming arthritis is primarily an infec- 
tious disease and that the micro-organisms which are most commonly 
responsible are strains of nonhemolytic streptococci of relatively low 
virulence, and less often strains of nonpyogemc gonococci and other 
bacteria of low pathogenicity In 50 per cent of their cases, the 
tonsils seemed to be the probable foci of infection, and the embolic 
mode of infection caused the tissue reactions, proliferative, hypertrophic, 
atrophic or degenerative General chronic infectious myositis with only 
slight joint involvement in the early stage of the disease was a clinical 
entity m the group studied The more acute the onset, the more 
favorable the prognosis proved to be Of a group of 133 patients 
admitted within two years after the onset, 31 5 per cent recovered and 
27 per cent were improved Of 278, whose disease started more than 
two years before admission, only 10 4 per cent recovered and 38 1 per 
cent were improved Of 229 patients who received vaccines, 17 
per cent recovered and 38 9 per cent improved Of 164 who did not 
receive vaccines, 17 per cent also recovered and 28 per cent improved 
They consider treatment by vaccines to be of little value Of 186 
patients who carried out physical therapy thoroughly, 32 per cent 
recovered and 61 per cent improved The authors are convinced of 
the importance of the avoidance of fatigue, and also of the value of 
daily physical exercise and hydrotherapy 

[Ed Note — Such an extensne review b) eminent internists of 
cases of this baffling disease is of great value It makes it eudent that 
we as yet hace no rapid method of cure in the majority of cases and 
that we must always first search for a surgical focus It is also clear 
that the finding of a probable focus and its eradication maj not, unaided 
by other methods of therapy, result in a rapid cure of the disease 
or even, m many instances, in a satisfactor\ impro\ etuent The lines 
along which this impro\ement and e\ entual cure must apparently be 
sought are, as the authors suggest, general physiotherapeutic lines, 
hehotherape , massage and exercise We are com inced that the absorp- 
ti\e and eliminative functions of the intestinal canal are from the start 
intimately connected with the solution of the problem and that there- 
fore, the question of diet is of great importance Pamst iking studies 
of diet and blood gases along biochemical lines which ha\e been made 
and are being made by Pemberton and others ha\e helped and wc 

49 Bilhnijs r Coleman G H and Hibbs \\ G Cbroim Iniec,n>" 
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believe, will continue to help, toward the solution It is also evident 
that the attempts of Goldthwait, Swaim and others to improve the 
bodily mechanics of these chronic sufferers have been attended with 
much success in restoring function and apparently arresting the course 
of the disease We will call attention here to a review of Dr Perc> 
Wilde’s book, which concludes this section, advancing a different theory 
for the cause of chronic arthritis The report of a personal observation 
of Wilde’s work and results indicates that more attention should be 
paid to his theories and methods than they have received in this country ] 
Antosei otlierapy m Aithntis — Dufour, Thiers and Alexewsky™ 
add three new cases to their previously reported three, in which what 
they consider as rapid cures of arthritis have resulted from subcutaneous 
injections of fluid obtained by aspiration of an affected joint They 
inject from 10 to 20 cc, repeating this injection as often as aspiration 
is required They have found the method harmless, even when the 
fluid contains pus or gonococci Their six patients have recovered in 
from four to thirty days, and in seven similar cases published by 
other authors, the results have been equally successful 

Dental Foci — Lurie 51 emphasizes the importance of not being 
satisfied with mere tooth extraction in the attempt to remove possible 
foci at the roots of the teeth A granuloma, a cyst or an apical abscess 
may be left behind He advises opening the alveolus under local 
anesthesia and dissecting out the root, really removing the surrounding 
source of infection He reports two cases of sciatica relieved in two or 
three days after such complete removal of dental foci One of these 
cases was of four weeks’ and the other of six weeks’ duration 
Salycilates, medical baths, and a belt had failed to relieve, and one of 
the patients had had simple extraction of the teeth previously without 
benefit 

BOOK REVIEW 

THE PHYSIOLOGY OF GOUT, RHEUMATISM AND ARTHRITIS 
A.S A. GUIDE TO ACCURATE DIAGNOSIS AND EFFICIENT 
TREATMENT Bv Percy Wilde Cloth, $3 50 Pp 229, with 31 illus- 
trations New York William Wood & Co, 1922 

The author’s enthusiasm for his subject is infectious and lus presentation 
admirable He beheies that arthritis is not a definite disease, but an expression 
of fault} plnsiology His experiments have convinced him that certain of 
the chemical technics pre\ioush employed have been fault}, and that, for 
instance, m estimating the quantity of uric acid, the only nitrogenous product 
in the solution has been added b\ the chemist himself in the course of his 
experiment He holds that the production and elimination of lactic acid and 
the so-called lactic acid diathesis are of great importance The application 

50 Dufour Thiers and Alexevsh\ Bull et mem Soc med d hop de 
Pans 45 155S (No\ 25) 1921 
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of physiologic theories to the treatment of the various forms of rheumatism 
and gout is most interesting and suggestive If he rides his hobbi a bit 
hard and perhaps attempts to explain too many conditions, it is none the 
less the hobby of a very observant man who has not been satisfied with the 
long established methods of investigation and treatment and has attempted 
to work out a more rational physiology 

Simultaneous Hyd> ops of the Knees — Under the title “Simultaneous 
Hydrops of the Knees,” Fitz-Simmons 32 discusses thirteen cases of 
bilateral knee joint effusion observed at the Children’s Hospital, Boston 
After a careful study of these cases, the etiologic factor was discovered 
to be tuberculosis in four, positively syphilitic in four, and an infection, 
neither tuberculous nor syphilitic, in two In the tuberculous joints, 
pam was an earlier and more constant symptom Fever was more 
common and the constitutional symptoms of general weakness and tire 
were more marked than in the syphilitic group Surface temperature, 
bony thickening, limitation of motion and a more rapidly destructive 
process were more characteristic of the tuberculous joints than of the 
syphilitic Symmetrical synovitis of the knee joints in a child, chronic 
in nature, free from marked symptoms of pain even on motion, strongl} 
suggests hereditary syphilis In these joints, an excellent functional 
result may be expected 

Injection of Ethei m Cluomc Hychai tin osts — Rocher 53 has prac- 
ticed, for more than a year, injection of sulphuric ether into joints 
affected with chronic hydrarthrosis, presumably of unknown etiology 
The injected ether is squeezed into all parts of the synovial cavity, 
which should be under slight tension from the injected fluid The 
fluid is then quickly withdrawn A compression bandage is applied 
There is moderate pain followed by anesthesia, but some pain and swell- 
ing persist for twenty-four hours He reports a case of four } ears’ 
duration relieved in five days 

Intel mitt cnt Hydiops — Nie’son 34 reports a fairly typical case of 
irregular intermittent hydrops, on which two arthrotonnes were per- 
formed with no permanent relief, the attacks later on occurring regu- 
larly, from every ten to eleven days 

[Ed Note — This experience is in keeping with that of the Editors 
In the cases observed by them, impro\ement of posture, foot strain and 
general bodily mechanics have in several instances been associated with 
a lessened frequency and sevent) of the attacks, and in one ca^-e 
therapeutic administration of roentgen rays, e\er} three weeks for a 

52 Fitz-Simmons H J J Bone & Joint Surg 4 376 (April) 1922 

53 Rocher, H L Presse med 30 256 (Feb 15) 1922 

54 Nielson A L Intermittent H\drarthrosis T A M A 78 507 (Feb 
18) 1922 
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period of two months, m addition to this correction of bodily mechan- 
ics, has been followed by a subsidence of attacks, which has lasted for 
six months and is still continuing ] 

Juvenile Defonmng Osteochondntis of the Hip Joint , Pseudo - 
coxalgia, Cora Plana , Lcgg, Calve, Peithes Disease — Lance, 55 report- 
ing seventeen cases of this condition, has been impressed with the fact 
that an hereditary history could be established m many of the cases 
He believes that other infections may be responsible, but that, in the 
sjpluhtic cases, medication has materially modified the disease, a com- 
plete restitution having been realized in some of the cases 

Platt 36 has written a thesis under the tit'e “Pseudocoxalgia ” which 
\ery completely covers the subject His conclusions, based on the close 
observation of a large number of cases, are as follows (1) Pseudo- 
coxalgia, or osteochondritis deformans juvenilis, is a definite entity, 
representing the reaction of the metaphyseal region of the upper end 
of the femur to the stimulus of an infective agent of attenuated 
virulence (2) The condition is comparable to arthritis deformans 
juvenilis coxae, which is seen solely m adolescents and represents at 
this age the reaction of the hip joint to an infective agent of similar 
type (3) In the conditions known as tarsal scaphoiditis (Kohler’s 
disease), apophysitis of the tibial tubercle (Osgood-Schlatter’s disease), 
bony changes parallel to those in pseudocoxalgia are found (4) Con- 
servative treatment directed toward the elimination of weight bearing 
has no proved influence on the tram of morbid symptoms, but its 
application is indicated during the stage of prominent symptoms 
Operatne treatment directed toward the removal of the dominant 
lesion has no place in the therapy of the disease at present 

NEOPLASMS 

Cysts in Bone — Mouchet and Le Gac 57 are convinced from a study 
of their cases that trauma plajs an unimportant role in the etiolog) 
of simple bone cysts Trauma, on the other hand, often results m a 
cure of the condition, allowing the fluid to escape, which is followed 
bt periosteal repair Immobilization in these cases is all that is required 
When casts of the large long bones are discovered, they should he 
trephined and curetted, but not filled or drained, since they are sterile 
and benign 

Myxoma of the Knee — Bolognesi oS reports a case of pure ffl\ \onw 
occurring m a knee joint The lesion resembled very closely a lung 115 
t\pe ot tuberculosis 

55 Lance \ndrieu and Capelle J dc chir 18 471 (Noa ) 1921 

56 Platt Brit T Surg 9 366 (Jan ) 1922 _ „ 

c7 Mouchet and Le Gac Arch tranco-helges de chir 25 337 (Ian 1 — 
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Metastatic Caicinoma of Bone — Catsaras 19 has found one case in 
the literature of metastatic carcinoma of bone from a primary focus 
in the liver In a second case which he reports, the head and neck of 
the femur were invaded by an adenocarcmomatous metastasis from the 
liver, the tumor cells m the femur being deep green m color, with 
abundant production of bile 

Oppenheimer 60 has analyzed thirty-two cases of spinal cancer seen 
at the Montefiore Hospital in New York The breasts were the primary 
seat in 66 per cent of the cases, the lung and thyroid being the next 
most common sources of origin Three of the patients had had breast 
operation at least eight years previously without local recurrences In 
seven of the cases, the first indication of the spinal lesion was fracture 
following slight trauma, pam having been absent before the fracture 
In nineteen, however, pam had been a prominent symptom, and ten 
patients had pam on local pressure In fifteen, pam in the lower extrem- 
ities was present, and m thirteen this was an early symptom Deformity 
was present in fourteen cases The roentgenologic findings were posi- 
tive in only fifteen cases Fifteen patients had no symptoms referable 
to the central nervous system The writer believes that it is possible 
to foretell the ultimate vertebral breakdown long before it occurs The 
most typical change is slight dislocation forward, so that there appears 
a more or less definite recession of one or more spinous processes 
Slight lateral displacements are also not uncommon 

Saicoma — Valentin 01 adds one more to Stern’s compilation of 
twenty cases of sarcoma of the os calcis The symptoms dated back 
six or seven years, and histologic examination of the tissue, removed 
in a piecemeal extirpation, demonstrated it to be of the epulis type 
Valentin considers cutaneous venous dilatation, with an otherwise 
normal skm, to be an important sign of neoplasm of the tarsus 

Meyerdmg 02 has made a study of 109 patients operated on at the 
Mayo Clinic, whose cases were proved to be sarcoma by pathologic 
examination From 1907 to 1921, 470 cases were diagnosed as sarcoma 
of the extremities Thirty-five per cent of these patients were con- 
sidered to be inoperable or refused operation Thirty-two of the thirty- 
five patients who underwent an amputation died subsequently The 
average duration of the disease at the time of operation was seven and 
thirty-four hundredths months and the average length of life following 
the operation m those who died was fourteen and five-tenths months 
The most malignant of the series were the osteosarcomas (probably 

59 Catsaras Ann de med 10 295 (Oct ) 1921 
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the osteogenic type of Ewing, which will be reported later) Me^rding 
believes that if any doubt exists as to the nature of the tumor, an 
exploratory operation and a microscopic examination of the tissue are 
demanded before resorting to radical operation The principal points 
to be determined before operation are the question of malignancy, the 
existence of metastases and the extent of bony involvement 

Ashhurst , 03 opening the discussion on sarcoma at the Philadelphia 
meeting of the American College of Surgeons, said that the pathogenesis 
of sarcoma must for the moment be left unsettled In general, he 
urges the conservatne treatment, and, m disagreement with Ewing (see 
next review), believes that excision of a portion of the tumor for 
microscopic examination is a harmless procedure and likely to sate a 
life or limb He considers that Coley’s mixed toxins deserve a trial 
in all forms of bone sarcoma The true value of radium has, in his 
opinion, not been determined 

Ewing 64 holds that a classification of bone tumors must not be 
made from the constituent cells they contain or from the possible origin 
of these cells The classification must be both clinical and anatomic 
The classification which he suggests is as follows 


{ ivory** 

{ Pure chondroma 
Chondromyxoma 
Myxoma 

Angioma Cavernous 


{ Capsular 
Periosteal 
Central 


Endothelioma j Angio-endothehoma J. 


f Solitary 
( Multiple 


Benign Central 
Giant-Cell Tumor ( 
and Its Variations | 


Osteogenic Sarcoma ( 


1 Bone cyst 
I 2 Giant-cell tumor 
I 3 Xanthosarcoma 
[4 Myxosarcoma (benign) 

Periosteal (extraperiosteal) 

Solid medullary and subperiosteal 
Telangiectatic 
. Sclerosing 


Mtcloma i 


Plasma cell 
Ljmphocjtic 
Myelocytic 
Ert throblastic 


In regard to prognosis and treatment of sarcomas of bone, lie i q 
tert much opposed to diagnostic incisions as he behetes that careful 
bistort roentgen-rat findings, and the results of the therapeutic test 
■with roentgen rats or radium are of much more value than the examina- 
tion of a small isolated section of tissue which mat not be in the 
right part of the tumor and tthich mat go to a pathologist tvho is not 
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conversant with bone tumors Ewing believes that the nonoperatne 
treatment is the goal to be aimed at The vast majority of bone 
sarcomas of every type give highly characteristic roentgenograms, which, 
interpreted m the light of exact and simple clinical data, permit a 
reasonably accurate diagnosis Ewing lays emphasis on the following 
roentgenologic details Osteogenic sarcoma almost never affects the 
middle half of the shaft, but is a disease of the diaphyseal ends Erosion 
or destruction of a segment of the shaft is nearly constant in osteo- 
genic sarcoma The benign central tumors regularly widen the shaft 
and displace the periosteum with its thin shell of bone, long before 
more aggressive forms of this disease invade the soft tissue Myelomas 
and diffuse endotheliomas involve wide segments of the bone, often the 
midportions, and cause smooth gradual fading of the shaft Syphilis, 
tuberculosis, chronic osteomyelitis and periostitis, Paget’s disease, each 
presents its own peculiar morphology and clinical setting, and, with 
rare exceptions, lack the specific featuies of bone tumors But he 
goes on to say that the interpretations require experience 

The therapeutic test is the decisive evidence between certain classes 
of bone tumors Myelomas and diffuse endotheliomas melt down 
rapidly under roentgen ray and radium These physical agents control 
the growth of the benign central tumors and cause the gradual restora- 
tion of the shaft, while the relief of pam is usually prompt With 
osteogenic sarcoma, roentgen ray and radium have little or no immediate 
effect on the size or form of the tumor Chondromas seem to be 
wholly unaffected by external irradiation 

Ewing gives the following scheme to secure more accurate data 
regarding the prognosis of osteogenic sarcoma (1) encapsulated extra- 
periosteal fibrosarcoma fibrous, cartilaginous or osteoid stroma in 
excess of cells, prognosis, fair, (2) sclerosing medullary and periosteal 
sarcoma, course A'ery slow, metastases appear very late, (3) cellular 
spindle cell periosteal sarcoma, stroma scanty or absent, some cures 
by surgery and other methods, (4) solid cellular central and sub- 
periosteal sarcoma, some surgical cures of early cases, (5) ier} 
vascular cellular telangiectatic sarcoma, no reported cures 

Codman 0j explains the working and future plans of the Registry 
of Cases of Bone Sarcoma and asks the cooperation of all surgeons 
He discusses the nomenclature as used b> the Registry, which is 
practically that of Ewing Osteogenic means derived from bone form- 
ing tissue and osteogenetic means a bone forming tissue Benign giant- 
cell tumors should be the term employed instead ot giant-cell sarcoma 
The cases thus far registered fall into four groups (1) malignant 
osteogenic sarcoma, (2) benign giant-cell tumors, (3) rare forms of 
prnnan bone tumors (4) errors m diagnosis 

65 Codman, E A Surg , G%ncc &. Obst 34 335 (March) 1922 
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The Registry has had correspondence concerning, or has actuallj 
observed, 454 cases Of this number, it has been obliged to exclude, 
for lack of roentgen-ray examination, or lack of microscopic section 
and gross tissue, or because the diagnosis was obviously incorrect, 317 
cases There remained forty-one cases of osteogenic sarcoma, forty- 
three cases of giant-cell tumor and fifty-three cases were considered 
undetermined In only five cases of osteogenic sarcoma are the patients 
known to be alive five years after the operation 

[Ed Note — Codman and his associates have done much to awaken 
medical interest m this perplexing subject of bone sarcoma The fore- 
going reviews will indicate how much there remains to be learned 
concerning this form of malignant and nonmalignant bone invasion It 
American surgeons will cooperate, the Registry is sure to add to our 
knowledge and unify our terminology ] 

OSTEOMYELITIS 

Acute Osteomyelitis — Cohn GG emphasizes the importance of early 
lecogmtion of acute osteomyelitis if sequestration is to be prevented 
He is convinced that it is a blood-borne disease, localized primaril} in 
the medullary canal There are no early roentgen-ray findings on which 
a diagnosis can be based, and the early operative findings may be only 
of fat necrosis of the medullary canal without frank pus Early opera- 
tion should give almost instant relief from pam, cause a subsidence of 
temperature, prevent the formation of sequestrums, and bring about a 
complete restoration of function Cohn advises opening the medulla, 
preferably with motor driven instruments, even if pus is found beneath 
the periosteum, feeling sure that the infection has reached the cortex 
through the haversian system The use of the curet is decried 

Starr, 07 in an article on acute hematogenous osteomyelitis, also con- 
siders the disease blood-borne from a focus situated elsewhere m the 
body The disease occurs most frequently between 2 and 10 years 
Trauma is a distinct factor, and boy 7 s are slightly more frequently 
affected than girls Severe pain m the neighborhood of a joint vith 
a spot of tenderness in a growing child is extremely significant If 
this is accompanied by a high fever, rapid pulse and a high leukocite 
count the diagnosis is fairly 7 certain The roentgen rat is of no 
assistance in early diagnosis and it is essential that an early diagnosis 
be made The treatment should consist of an incision o\er the area 
of greatest tenderness, continued through the skin, subcutaneous tissue 
and periosteum Care should be taken to keep the incision on the 
diaplnseal side of the epiphyseal line and to presene the periosteal 
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attachment to the epiphyseal line, thus safeguarding, to a large extent, 
the danger of extension to the joint If frank pus is encountered, 
Starr, m disagreement with Cohn, considers this incision sufficient a 
dram being inserted If no gross pus is found, the periosteum is 
stripped for a short distance on either side of the incision, to make 
sure that the incision is in the right plane, and if no frank pus is seen, a 
series of drill holes, usually three, is made about one-fourth inch apart 
downward, toward, but not into, the epiphysis, extending into the center 
of the shaft Starr says that in no case has he opened the medullary 
cavitv He considers it a dangerous procedure When a case is seen 
in the later stages, efficient drainage should be established, but the 
definite operation is delayed until the sequestrum is separated Then 
a channel is chiseled of sufficient size to allow the removal of the 
sequestrum through the mvolucrum The cavity is cleaned of dirt) 
granulation, sponged with 10dm and packed tightly with iodoform gauze 
for forty-eight hours After the packing and drams are removed, and 
if the remaining cavity is too large to fill easily with granulation, the 
edges are made saucer-shaped and the soft tissues and periosteum 
allowed to fall m and obliterate it 

[Ed Note — The difference between Starr’s working rule and 
Cohn’s is an essential difference We take it Starr is discussing osteo- 
myelitis in the immediate neighborhood of a joint Cohn believes the 
cortex should always be drilled, whether frank pus is or is not 
encountered beneath the periosteum Starr does not drill the bone if 
he finds gross pus beneath the periosteum Starr’s experience as child 
surgeon of the Sick Children’s Hospital in Toronto has been a -ver\ 
long and broad one, and he follows his cases carefull) If he was 
obliged to open the shaft later in any considerable number of cases in 
which he encountered frank pus beneath the periosteum, or if the 
majority of these patients did not, in his opinion, do well he would not 
gi\e conservative advice On the other hand, if in any case of osteo- 
myelitis the infection was, in the early stage, limited to the exterior 
of the shaft and between it and the periosteum it would be most 
umvise, after ha\mg provided drainage at the seat of the infection 
to drill into an uninfected shaft and perhaps earn the infection 
farther ] 

Epiphysitis of the Fcinui — Dickson ct; lajs especial stress on the 
importance of differentiating between tuberculosis and p^eudocoxalgia 
both of which have a slow onset, and pjogenic epiplnsitis of the hip 
which has an acute onset high fe\er and extreme pain Tor the latter 
condition immediate operation is required which ma\ well he onh 
that of drainage as an initial procedure a later operation when the 
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child’s general condition has improved, consisting of cleaning out of 
the necrotic material and instituting an attempt to sterilize the wound 
with surgical solution of chlorinated soda Traction is maintained 
throughout the course of the treatment 

Osteomyelitis fiom Colon Bacillus — Satta 09 reports a case of 
putrefying, gangrenous osteomyelitis following a compound fracture 
of the leg After five months, healing had occurred , but two months 
later, the leg again became swollen, and at operation a pure culture 
of colon bacillus was recovered from the pus 

Gi ozvth Pi obi cm s Follozvmg Osteomyelitis — Speed 70 has been 
interested in the problems presented by a normal growth on one side 
and an impairment of growth, due to partial destruction of the epiphysis 
by an osteomyelitis, on the other The epiphyses which unite last must 
be most carefully guarded These are those, in general, away from the 
direction in which the nutrient arteries run Thus the epiphyses of 
the knee, shoulder and wrist unite later than those of the hip, ankle 
and elbow Unless a bony deformity is increasing \ery rapidly and 
interferes seriously with function or threatens skin necrosis, brace 
rather than operative procedures are favored for a year In adolescents, 
if both clinical and roentgen-ray examination during the course of the 
year demonstrate marked disturbance of growth, Speed favors equal- 
izing the length of the legs by resecting a portion of the normal 
companion bone If the child is young, with many inches of growth 
expected, after two or three years, when it is quite positivelv established 
that the epiphysis of the damaged bone has ceased all growth and is 
destroyed, the author advises the excision of the epiphysis on the other 
side (epiphysectomy) to stop the overgrowth, each bone growing at 
an equal rate from the remaining epiphysis 

[Ed Note — We have had no experience with this method, epiph)- 
sectomy, for controlling growth and obviating marked differences in 
length in companion bones, one of which has been damaged in its 
growing center b) an osteoni) ehtis It seems to us to be a rather 
hazardous procedure We should feel that any thorough destruction of 
a zone of growth might well interfere with the noimal contour of the 
joint surface, if not at once, in subsequent years, and that an arthritis 
on the original!} well side might be added to the child’s locomotive 
difficulties ] 

LOW HACK P4.IX 

Fumcuhtis — Sicard and Forestier " 1 maintain that persistent low 
hack pain from which tuberculosis, syphilis, gonorrhea, t}phoid and 
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other infections can be excluded, is often caused b) a funiculitis rather 
than a radiculitis The seat of the trouble they behe\e to be m the 
funiculi Removal of the appropriate laminae has relieved sy mptoms 
in their five cases, by opening up the mter\ ertebral foramina 

Anatomic Vanation — Leri 72 sounds a timely note of warning as 
to holding anomalies of the fifth lumbar vertebra responsible for low 
back pain He points out the very frequent occurrence of these \ana- 
tions from the normal, in patients free from all symptoms and urges 
very careful elimination of other possible causes of pain before ascribing 
it to enlarged transverse processes and partial or complete sacraliza- 
tions of the fifth lumbar vertebra Finding a sacralization is not 
making a diagnosis 

O’Reilly 73 also calls attention to the common occurrence of these 
variations from the absolute norm He thinks that marked variations 
represent inherent weakness and aggravate and prolong symptoms when 
spines presenting such abnormalities are subjected to strain 

Holland, 74 writing on the same subject, reports ten cases, three of 
which were m children under 11 jears of age In a child of 2*4, the 
lateral masses of the sacrum are seen to be developing from two bone 
centers 

O’Ferrall, 75 after reviewing forty cases of low back pain from the 
Orthopedic Clinic of the Touro Infirmary, concludes that the symptoms 
are usually due to sprains or infectious arthritis of the lumbosacral 
joints In his series, there were twenty-two cases of sudden onset, 
suggesting a true sprain, while eighteen had an insidious onset and 
in his opinion were due to infections He has been impressed with 
the importance of searching for remote foci by making a very complete 
physical examination He considers that \enereal infection, especialh 
syphilis, is a frequent etiologic factor 

Kuth 70 has analyzed 208 cases of low back pain occurring in 136 
males and 72 females Of 180 patients, eighty had had previous attacks 
In seventy-five, trauma was a possible cause Unfavorable static condi- 
tions in the spine or lower extremities, occupational strain operate as 
a direct cause to produce and prolong s\ mptoms The best results in 
relieving these symptoms were obtained when these static abnormalities 
were corrected, together with graduated systematic exercises 

[Ed Noth — It seems to the Editors that Kuth has laid stress on 
a most important feature of these cases of persistent low back pain 
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We agree m a general way with O’Reilly that marked anatomic varia- 
tions and fifth lumbar partial or complete sacralizations represent 
potential weakness We know that adventitious bursae often exist with 
enlarged fifth lumbar transverse processes However, these abnormal- 
ities have been present often during many years of active life and 
have not caused symptoms Then, as a result of fatigue or strain, 
faulty statics and poor postures become habitual, and the anatomic 
variation becomes, m combination with the wrong bodily mechanics, a 
source of irritation and pam Certain it is that relief may be obtained 
b) the correction of these postural defects by means of temporary 
supports and persistent exercises looking to the establishment of a 
muscle tonus which shall maintain correct attitudes of rest and activity 
Surgery should be the last and, we believe, the rare resort Removal 
of a supposedly offending transverse process is a serious major opera- 
tion, and, by restoring correct statics, we may expect, m the absence 
of articular disease, to escape the necessity of ankylosing operations 
on the lumbar spine or sacro-iliac joints, valuable as these procedures 
m the occasional case may be ] 

SCOLIOSIS 

Lionti 77 calls attention to a form of scoliosis due to the ptosis of 
one kidney Dieulafe, Bagozzi and Bender have reported cases and 
Girolamo adds one of his own The scoliosis is, in its early stages, 
purely functional and has disappeared in three of the cases after 
nephropexy, the fourth patient refused operation The concavity of 
the curve may be on the same side as, or on the opposite side from, 
the ptosed kidney 

Opoatwc Tieatment of Scoliosis — Sauerbruch 78 considers that the 
results he has obtained from operative procedures on the ribs m two 
cases of severe structural scoliosis warrant the hope that more complete 
correction can be obtained by operative than by nonoperative treat- 
ment alone He has noted that in fibroid phthisis there is always a 
deflection of the spinal column toward the normal side Following 
paravertebral resection of the ribs, the column bends slowly back, and, 
m certain cases, an overcorrection has occurred With Lange he 
operated on a patient with high grade fixed scoliosis Their plan was 
to reject a portion of all the ribs on the concave side The operation 
was performed m two stages At the first operation, the three lower 
ribs were attacked, because these deep-lying structures are the most 
difficult to reach beneath the muscles No appreciable improvement 
occurred under gvmnastics Three months later, the first seven ribs 
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were resected, from 4 to 5 cm being removed No immediate improve- 
ment occurred , but, under gymnastic exercises, the body was gradually 
drawn over from the right convex to the left concave side and the 
patient became able to assume an erect position 

To offset the effect of the approximation of the ribs on the concar e 
side, Frey, Sauerbruch’s assistant, proposed the expedient of gathering 
together the widely separated ribs on the convex side His experiments 
on animals seemed to demonstrate that such a procedure was effective 
(seen next review of Frey’s article), especially when a portion of the 
ribs on the concave side had been resected previously Sauerbruch 
employed this method m the case of an 18 year old girl, first resecting all 
the ribs on the concave side and then drawing the third, fourth, fifth, 
sixth, and seventh ribs closely together on the convex side by means 
of copper wire He says that at the time the first dressing was removed 
the result was most surprising the spine might have been called 
straight Unfortunately, the wires cut through the ribs and were 
expelled 

Acting on a second proposal of Frey, Sauerbruch operated on a 17 
year old boy in two stages At the first operation, a 3 cm section was 
resected from the second to the ninth ribs on the concave side At 
the second operation, a similar section was removed from the second 
to the eighth ribs on the convex side A plaster cast was then applied 
in extension, with slight pressure on the scoliotic convexity of the 
chest Eight days after the removal of the cast, the scoliotic convexitj 
of the chest had nearly disappeared, and the curvature of the spine 
was considerably less 

Frey 70 reports his experiments on dogs and guinea-pigs of t\ing 
together several ribs on one side Tins induced a scoliosis, which was 
more pronounced if the ribs on the other side were severed In 
cadaiers also section of the ribs on one side and close approximation 
of the ribs on the other side produced a scoliosis, the degree of which 
depended on the elasticity of the subject’s spine From these experi- 
ments, Frev aigued that m cases of structural scoliosis, t\ing the ribs 
togethei on tbe convex side would tend to correct the deformity, and 
that resection of a portion of the ribs on tbe conca\e side would make 
collection more rapid and complete He reports tbe partial!} succe^ful 
accomplishment of tills result in Sauerbruch s second case, to which 
reference has been made abo\e He admits that with much fixed 
rotation the spine must be first mobilized He behe\es thi- ma\ be 
accomplished b\ di\ iding tbe ribs on the concaee side clo'-e to the -pine 
and the corresponding ribs on the com ex side at a distance trom tbe 
''Pine after which a correcting cast is applied with he->d cxtcn-ion 
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The ribs regenerate very rapidly, and he reports that the correction 
thus obtained in two old and extreme cases m boys of 16 and 17 was 
soon apparently permanently stabilized 

[Ed Note — These major operative procedures of Sauerbruch and 
Frey are certainly daring and based on suggestive experimental work 
They recall the similar and partially successful work of Hoke 80 with 
a single case, which work we believe he never cared again to under- 
take It is true the experience of the war has widened the field of 
thoracic surgery, and it may be that these extensive rib sections and 
resections will be found safe in less skilful hands than those of this 
eminent German surgeon There may also be devised safe methods of 
utilizing the procedures which Frey has discovered are capable of induc- 
ing a scoliosis, and by their reverse application these methods raaj 
succeed in correcting an existing scoliosis More experimental work 
needs to be done, and the end-results of more cases must be reported 
by the originators of these methods before the importance of their 
contribution to the treatment of structural scoliosis can be estimated ] 

Krukenberg 81 emphasizes the importance of the psoas muscles in 
the pathology of lateral curvature He likens the spine to a ship’s 
mast held by four ropes, two of them being represented by the erector 
spmae and two by the psoas muscles He believes the function of the 
psoas muscles is not so much the flexion of the hips, as the support 
of the spine In lumbar scoliosis, this function is disturbed, and the 
psoas on the concave side acts as a bowstring and its contraction tends 
to increase the deformity, while the psoas on the convex side becomes 
weakened and stretched Krukenberg, therefore, divides the psoas 
tendon on the concave side through an incision in the groin, finding 
the approach easier here than at its insertion, where it is also intimately 
connected with the tendon of the lliacus, which he does not wish to 
dmde In several cases, he reports being able to lengthen the spine 
10 cm , and he has obtained a marked improvement m tbe deformity 
After tbe operation, the spine is stretched while the patient is under 
an anesthetic and a spica applied The author has also succeeded m 
improving the curvature by changing the direction of pull of the 
external oblique muscle which he finds altered m shape and function 
in scoliosis His technic is as follows In a case of se\ere right 
lumbodorsal scoliosis, the aponeurosis of the left external oblique is 
dmded through a pararectus incision, extending from the xiphoid 
cartilage to the inguinal ligament A horizontal incision is next made 
follow mg Douglas line The upper portion of the muscle retracts, and 
the lower portion which o\erlaps the rectus, is fastened to its sheath 

50 Hoke \tn I Orthop Surg Xo\ ember 1903 
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m such a way that the right half of the abdominal wall is drawn 
toward the left side He reports very encouraging results m three 
cases and suggests that the operation may, m certain instances, be 
combined with the tenotomy of the psoas, to which reference has been 
made above Krukenberg has observed no unfavorable result from 
this operation in lessening the resistance of the abdominal w ? all 

Nonopeiatwe Treatment of Scoliosis — Klein s 2 states that the aim 
of the Scoliosis Clinic of the Massachusetts General Hospital is “to 
improve the symmetry of the severe scoliotic, so that after the maximum 
amount of correction has been obtained the muscles may become, with 
proper training, adequate to compensate for the lemaimng deformity’ 
The methods followed are first, carefully supervised exercises to 
mobilize the contracted muscles and ligaments and to acquire complete 
control over the respiratory muscles, the importance of which had been 
previously demonstrated by Bucholz When this conti ol is obtained 
and this mobilization accomplished, the patient is placed in the Abbott 
frame and a fenestrated corrective jacket is applied, the pelvic girdle 
being rotated on a shoulder girdle as a fixed point in a direction similar 
to that employed by Forbes Felt padding is applied once a week 
between the posterior convexity of the ribs and the cast, and the cast 
itself changed when it is no longer effective, the series being interrupted 
by exercise periods and split or hinged casts Klein is insistent on the 
avoidance of any considerable muscular atrophy, and Ins cases show r 
that he is successful in his attempt As soon as the maximum amount 
of correction by cast has been obtained, the patient resumes muscle 
strengthening exercises and is fitted with a light retaining brace, the 
essential feature of which is an accurately fitting pelvic base The 
general condition of the patient is checked up by medical examination 
and is of chief concern throughout the course of treatment, which 
before the case is accepted, the patients agree to continue for at least 
two years 

I50DIL\ MECHANICS 

Postmc oud Ccivicol Rib Syudiowc — Todd 83 reports an interesting 
personal experience tending to demonstrate that the cerwcal rib syn- 
drome may be produced by posture alone In 1913, he contracted the 
habit of sleeping with his right arm stretched out almost \ erticalh and 
his hand under Ins head His first symptoms were noticed m January, 
1921 and consisted of tingling of the right index finger and thumb 
and finally paronychia and desquamation In March 1921 the position 
of the arm m sleeping was changed, because the s\inptonis became 

82 Klein \ Treatment of Structural ^colioeiv at *lu icnu ett' 
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so marked as to interfere with the use of the hand and fingers In 
two months, the symptoms had largely disappeared, and the fingers had 
almost returned to normal 

Effect of Bodily Mechanics on the Health of Child) en — Talbot 54 
has become convinced of the association of faulty bodily mechanics and 
constipation, cyclic vomiting, recurrent attacks of so-called acidosis, 
fever and abdominal pam of unkown cause Fatigue and bad posture 
go hand in hand and form a vicious circle which must be broken He 
recommends that recumbency m the hyperextended position, lumbar 
spine flat, costal angle widened, and thorax lifted and stretched, be 
assumed by these patients for at least one-half hour after each meal, 
and if possible, for an hour after the noon meal Postural exercise 
training he believes important also, and occasionally the application of 
a retentive brace under orthopedic supervision 

Oi thopcdic Examination of One Thousand Thtee Handled and 
Ninety-Tin ee Yale Fieshmen — Cook 8 ' has made a statistical study of 
postural conditions in an entering college class He is impressed, as 
Lee and Brown have been at Harvard, with the low percentage of 
normally poised students In measuring postural scoliosis by a plumb 
line from the seventh cervical, which should normally coincide with 
the line of the buttocks, he found that only 49 7 per cent of the 
students showed no deviation Only 3 5 per cent showed no rounding 
of the shoulders, and only 44 1 per cent stood with normal anterior 
posterior curves of the spine In more than 50 per cent , the chest 
was to some extent flattened 

[Ed Note — These figures certainly show, as do those of Lee and 
Brown and the examination of army recruits, that much needs to be 
done m the way of physical training of American youth from childhood 
through adolescence and early youth if we are to develop a race of 
greatest efficiency ] 

Position and Activity of the Diaphi agm as Affected by Postal c 
Adams and Pillsbury 80 ha\e studied the position and activity of the 
diaphragm m different postures They find that the diaphragm is 
highest m the prone position, intermediate m standing, and lowest in 
sitting In these three positions, the diaphragmatic excursion is equal 
on both sides \\ ith the body lying prone on the right side, the right 
dome is higher than the left and the excursion on the right is twice as 
great as on the left, with it l}ing prone on the left, conditions are 
re\ersed The extreme excursion is 6 cm, and the position of the 
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heart accompanying changes m the position of the diaphragm is sub- 
ject to Avide range In lateral recumbency, the dependent lung is 
relaxed and its diaphragmatic ventilation is m excess of that of the 
upper lung 

Chthostahc Albuimnuua — Willy Rieser and S L Rieser ST ha\e 
studied two cases of orthostatic albuminuria in women, aged 24 and 2S, 
respectively They were of the low blood pressure tjpe, 106 and 118, 
systolic Without corsets, the patients both developed an albuminuria , 
with corsets, no albuminuria existed They conclude that there is no 
relation between lessened blood pressure in the upright position and 
albuminuria They believe it to be due to a renal stasis caused b} 
compression of the left renal vein m the arterial pincers made b} the 
aorta and the mesenteric artery These pincers become actne when 
the kidney is thrust forward by a lordosis or the mesenteric arten is 
pulled to tautness by the tug of a ptotic mesocolon 

Cd culato) y Distxu bailees in the Feet — Geist ss calls attention to the 
frequency of circulatory disturbances as a cause of “foot complaints ’ 
In his series of sixty-se\en cases, twenty-three Avere cases of \ancose 
veins, and forty-tAvo of arterial disease, falling into four groups (1) 
congenitally small arteries, (2) arterial spasm, (3) arteriosclerosis and 
(4) thrombo-angntis obliterans 

BONE AND JOINT SURGERY 

Rccuiicnt Dislocation of Patella — Drehmann 89 considers that e\en 
case of recurrent dislocation of the patella must be dealt with indi- 
vidually and that no one surgical procedure is appropriate for all cases 
Thus, bone, muscular, tendon and capsular operation, or combination 
of these, may be advisable He reports an excellent result from utiluw 
tion of the gracilis He exposes the louder portion of the tendon b\ 
a longitudinal incision, dividing the tendon at its insertion near the 
tibial tubercle A second incision is made a little abo\e the patella 
and the tendon pulled up underneath the skin passed through a ‘'lit 
m the quadriceps expansion at the mesial edge of the patella and 
finally inserted into the mesial comhle of the femur 

Tenodesis of tin Quad) iccfi 7 endon — In ca^es of quadriceps p iral- 
a sis in joung subjects in aaIucIi it A\as important not to disturb growth 
Saxl has been able sufficient!! to stiffen the knee for weight be iring 
In a tenodesis of the quadriceps tendon \ longitudm il inciMon i- 

S7 Richer M ilh and Rimer S L Etioloep oi OrtliO'niic \1!> ’numiri i 
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made over the center of the tendon, splitting the fascia Two lateral 
incisions, one on each side of the tendon are then made, and the tendon 
lifted and its posterior portion scraped and freshened The tendon is 
then displaced laterally and the periosteum beneath incised longitudm- 
allj in the midlme and pushed back on either side, carrying with it 
some of the muscle fibers of the subcrureus The underlying surface 
of the femur is freshened with a chisel, and the scraped under surface 
of the tendon placed m contact with it The pushed back periosteum 
is then sutured to the edges of the tendon, and the vastus internus 
and externus are sutured together over the tendon A plaster cast m 
extension is applied for three months, followed by a light extension 
apparatus for a few months longer The slight spring m the joint 
allows a more elastic gait, and sufficient rigidity is eventually obtained 
to allow weight bearing without apparatus He reports six cases 

Lengthening of the Quaduceps Tendon — Bennett, 91 in a previous 
paper, has called attention to the part which the quadriceps tendon 
plays m the loss of mobility of the knee joint, following fractures of 
the femur, etc Bennett has performed his operation of lengthening 
the quadriceps tendon in twelve cases, m the last four of which motion 
of at least 90 per cent has been gained The author makes the follow- 
ing comments (1) Contraction of the quadriceps without adhesions 
will produce loss of function of the knee (2) Contraction and 
adhesion between the muscles themselves, or between muscle and bone, 
will produce loss of flexion of the knee (3) The capsular changes 
which offer obstruction to flexion before the tendon has been released 
yield easily after lengthening the tendon (4) Contraction of the 
muscular tissue following long immobilization for inflammatory knee 
joint disease occurs, but, in the presence of a sensitive joint, it is 
unwise to operate (5) Time is an important factor A patient who 
has walked five years with 10 degrees of motion is a better operative 
subject than one who has walked only five months, though his range 
of motion may be three tunes as great In the former case, the joint 
and muscle tissue are m good tone and regain their function more 
quickly following operation 

Results of Tendon Transplantation m In epai able Paialysis of the 
Radial Nave — Perthes 92 reports the end-results m forty-four cases 
of tendon transplantation at the wrist for musculospiral paralysis 
His operation is performed as follows Having separated the extensor 
tendons of the fingers from their muscles, including the e\tensor 
longus pollicis lie divides the powerful flexor carpi ulnaris at its 
insertion to the pisiform, and, leading it around the outer border of 
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the ulna, attaches all the finger extensors and the extensor longus 
polhcis to it He then attaches the tendon of the flexor carpi radialis 
to the detached tendons of the abductor longus polhcis and extensor 
brevis polhcis at the outer border of the radial epiplnsis He expects 
the new function to be assumed in from three to nine weeks He has 
succeeded in restoring almost complete power of opening the hand and 
extending the fingers The hand can be lifted well above the horizontal 
plane As a rule, the power of closing the fist powerfully is lessened 
If heavy labor is necessary, m order to make possible a more powerful 
closure of the fist, he attaches the tendon of the short radial extensor 
to the lower end of the radius, while the wrist is held in slight dorsi- 
flexion He considers the transplantations, however, much more 
important than this tenodesis 

Tians plantation foi Paialysis of the Opponens Polhcis — Two 
methods of tendon transplantation m cases of paral) sis of the opponens 
polhcis are said to have yielded excellent results (1) By the method 
of Krukenberg 93 the radial portion of one of the flexor tendons of the 
middle finger is split off at the wrist, the trans\erse carpal ligament 
being nicked to make it possible to obtain a little more length of tendon 
This slip is then drawn distally and pulled through a tunnel made to 
the base of the thumb, to which it is attached subperiosteall) ( The 
thumb is placed in the palm, and the middle finger extended, to remain 
for thirty days The result of the operation is that the thumb can be 
opposed to the rest of the hand without closure of the fist (2) The 
second method is that of Nicolaysen, 94 who for paral) sis of the opponens 
and flexor brevis polhcis, transplants the abductor minimi digiti to the 
metacarpal bone of the thumb, which operation the author finds was 
first proposed by Huber He reports an excellent functional result 
In these cases there is frequently a subluxated or Aery relaxed joint 
between the first metacarpal and the trapezium, for which relaxation 
Spitzy has performed an arthrodesis Nicolaysen anticipated the pos- 
sible necessit) of this m his case but found the functional result 
satisfactory without it 

Functional Piognosis of Tendon Injuiy of the Finger and Hand — 
Lier," r from material studied m the Swiss Institution of Accident 
Insurance during 1919-1920, comprising 450 open and ce\tn subcu- 
taneous tendon injuries, considers the probable prognosis under \anous 
methods of treatment He concludes that priman suture oi open 
injuries of the extensor tendons is more successful tlnn tint of the 
flexors Secondan suture is less successful m both groups \\ hen 
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the injury consists of a smooth, clean severance, the outlook is better 
The prognosis is better when the injury occurs m the second and third 
decades of life Wounds of the tendons in the neighborhood of the 
metacarpophalangeal joint were more favorable than injuries elsewhere 
The chief cause of failure was the cicatrization of the tendon with the 
surrounding tissues Return to work was a little quicker in extensor 
tendon injuries than in flexor injuries, from thirty-two to fifty-five 
days With subcutaneous laceration of the extensor aponeurosis at 
the terminal phalanx, a common injury, the prognosis was not good 
and suture was found to yield better results than splinting 

[Ed Note — The latter statement of Lier’s in regard to the 
superiority of the operative over the nonoperative method of treatment 
in ruptures of the extensor aponeurosis at the terminal phalanx is in 
accordance with the prevailing surgical teaching The Editors can only 
state that after a considerable experience with both the suture and the 
hyperextended splint treatment, they have been impressed with the 
success of the latter Union and excellent motion and function have 
been attained, even as late as five weeks after the rupture, by splinting 
the finger for two weeks m an aluminum finger splint extending from 
the palm to beyond the tip of the finger, the terminal phalanx being 
hyperextended The palmar portion of the splint is removed at the 
end of two weeks, and only the finger splinted for from two to three 
weeks longer Finally the terminal phalangeal joint is protected by a 
'band of adhesive plaster, 3 cm wide, for a few weeks more It is often 
quite difficult to repair accurately a torn aponeurosis by suture, and 
the results of this method of splinting have been entirely satisfactory ] 

Ai tin oplasty Ve/sus Fi\ation of Elbotv — Bean’s 90 article is a gen- 
eral discussion of the question as to whether from anatomic, mental, 
social and occupational standpoints an arthroplasty of the elbow, yielding 
some degree of stable motion or an ankylosis at an occupationally 
appropriate angle of flexion, is the better functional result He has 
observed the results of a good many arthroplastic operations on the 
elbow and looked up the reported results of others, and considers the 
results not so favorable as is the general impression He concludes that 
the operation m the light of this uncertainty of result and the time neces- 
sary to bring it about, is to be advised m a very limited number of 
cases He behe\es that the functional result even with a few degrees 
of stable motion, following an arthroplastic operation, has no ad\antage 
o\er anh\losis or an excision with a partially flail joint 

[Ed Note — Our own observation of actual results leads us to 
agree in a len general way with Bean’s conclusion The elbow joint, 
howe\er because of its anatomic conformation and its freedom from 
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weight beating and gieat stiain, is perhaps the most favorable joint in 
the body for arthroplastic operation, both as regards immediate result 
and its freedow from later painful arthritic changes We believe the 
emphasis should be placed on the perfection of our technic m arthro- 
plastic operations on this joint and on a careful selection of cases, 
avoiding perhaps patients performing heavy labor, rather than on the 
abandonment of the operation for the older methods of excision and 
ankylosis The extremely favorable functional results which follow 
well conceived and executed arthroplastic operations on the elbow in 
carefully selected cases should lead us to continue our attempts to 
perfect our technic We admit these favorable results are almost 
occasional at present, but we believe them to be most hopeful ] 

Opeiative Mobilization of Stiff Fingeis — Hesse 97 discusses the 
appropriate time for arthroplastic operation on ankylosed finger joints 
He urges great conservatism and long waiting Never should these 
operations be attempted until at least six weeks have passed after any 
inflammatory signs Perthes’ rule is three months He has abandoned 
tourniquets since he has had two cases of radial paralysis following the 
use of an Esmarch Pie performs the operation through two lateral 
incisions between the anterior and posterior digital vessels He resects 
as little as possible of the joint surfaces, but enough to allow full 
flexion and extension, and he carefully excises the cicatricial capsule 
The results are by no means always satisfactory, the cause being usually 
the adherence of the overlying tendons to the bone and cicatricial 
changes in the overlying skin 

In this connection, an article by Cotton and Sawyer 98 is interesting 
They report eight cases of stiff fingers as a result of various injuries 
and of varying duration up to one hundred and twenty-six days The 
most favorable results which they have obtained from twenty-four hour 
traction and distraction m the line of deformity, followed by gradual 
change of pull toward flexion or extension as the case demands, lead 
them to believe that this method is superior to others 

[Ed Note — We have commented in a previous Report of Progress 
on the ease with which this traction may be obtained by the employ- 
ment of a forearm and palmar cockup plaster splint in which a circular 
or “banjo” shaped wire extending beyond the fingers has been incorpo- 
rated This wire loop can easily be bent to be m line with the deformity, 
and to it are attached the elastic traction strings extending from the 
adhesive or glued skin traction finger bands This method was first 
devised by Danforth ] 

97 Hesse Arch f klin Clnr 119 1 (Tan 27) 1922 

98 Cotton, F J , and Sawyer, E J Boston M & S J 186 183 (Feb 9) 
1922 



232 


ARCHIVES OF SLRGERY 


Excision of Head of Femm in Hypeiti ophic Aithutis — Platt, 00 
after discussing the somewhat uncertain outcome of manipulation and 
arthrodesis of the hip joint m cases of painful degenerative or hyper- 
trophic arthritis of the hip, reports gratifying results from a modified 
excision of the head of the bone His operation consists in removing 
the overhanging mushroomlike portion of the head, leaving a consider- 
able stump of the neck and a slightly expanded upper portion His 
exposure is obtained by removing the great trochanter and attached 
muscles, and, after the stump of the head and neck have been carefully 
smoothed and covered with wax, he thrusts this into the acetabulum 
and reattaches the trochanter at a lower lever on the femoral shaft 

[Ed Note — The Editors are m agreement with Platt as to the 
frequency of unfavorable results which follow manipulation and 
attempted arthrodesis of the hip joint m this type of arthritis We 
incline to the belief that this operation of Platt’s, or even a more 
complete excision, is rather more likely to relieve pain than manipula- 
tion or attempted arthrodesis We say attempted arthrodesis, because, 
except m comparatively early cases when the range of motion rarely 
seems to justify arthrodesis, the nature of the pathologic process makes 
firm bony ankylosis, m our experience, hard to obtain The articular 
ends, often devoid of cartilage, are eburnated for some depth, and, 
beneath this firm bone, the cancellous structure is very fragile, with 
frequent large open spaces or cavities, as Ely’s bone sections show 
These changes, which are almost always present m a well advanced 
case, are not favorable to bony ankylosis In a recently observed case 
in a stout elderly woman, on whom an operation of arthrodesis was 
attempted, the weakened atrophic neck fractured at the slight trauma 
of removing the overhanging hypertrophic bone of the head No 
recourse but a formal excision remained, and, though the end-result 
cannot be stated, the shock of the operation was slight and the con- 
valescence has been much less uncomfortable than that following an 
arthrodesis, since only temporary fixation was necessary At the end 
of six weeks, the patient has less pain and more motion than before 
the operation and can bear almost her whole weight on her leg without 
discomfort , there is, of course, the expected amount of shortening ] 

Results of A) tin oplasty — Hohlbaum 100 reports from Payr’s Clinic 
the results of arthroplastic operations on eighty-five knees, two hips 
and four ankles The operations were performed between 3911 and 
1921 In 78 per cent of the knees the results were “good”, in 22 per 
cent poor with one death, in 55 per cent of the lups, the results -were 
good . m 45 per cent , poor with one death The results of all the 
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ankle operations were considered satisfactory The best results were 
obtained m stiffened joints following Neisser infections and m those 
ankylosed by injuries Metastatic infections were less favorable, 
because of the great disturbance of muscle function The end-result 
of an arthi oplastic operation is often not reached for one or two years 

Kalima 101 has made macroscopic and microscopic studies of eighteen 
specimens from arthroplastic operations performed by Payr The 
material included fourteen knee joints, three hips and one elbow The 
connection between the bone ends was cartilaginous and bony There 
was no evidence of inflammatory processes in the bone ends While 
the ligamentous apparatus were least altered macroscopically, the cap- 
sular ligament and periarticular tissue were markedly altered The 
capsular portions, microscopically, were seen to have undergone most 
extensive fibrous and cicatricial transformations These studies would 
seem to indicate the necessity for radical removal of the capsular and 
ligamentous tissue in performing arthroplastic operations 

Results of Astragalectomy — Armitage Whitman 102 has studied the 
end-results of sixty astragalectomies performed at the Hospital for 
the Ruptured and Crippled, about half by Dr Royal Whitman and half 
by other surgeons These operations were performed chiefly for 
paralytic calcaneus, but Armitage Whitman says that the usefulness 
of the operation has become so apparent that it is being employed for 
relief of paralytic valgus and varus, dangle foot and clubfoot The 
results are best in the class of cases for which the operation was 
originally devised, talipes calcaneus For varus and valgus deformities, 
it is a last resort, and the results are not so satisfactory Especially 
likely to occur is a varus deformity if there is even a trace of power 
left m either the tibialis anticus or posticus The common fault m 
operating is not to displace the foot far enough backward and anchor 
it there Of the sixty cases examined, the results were considered 
satisfactory m fifty-one, or 85 per cent , eight were improved and one 
was a failure Ninety per cent of the parents or the patients con- 
sidered the operation a success 

Extha-Ai ticulcn Bone Budging foi Ait hi odesis — Muller 103 has 
attempted m dogs to produce a stiffening of the ankle joint by extra- 
articular bridges of bo"ne transplanted into the tibia and calcaneus The 
attempts were failures, for in time the transplant formed a pseudarth- 
rosis opposite the line of the articulation The same pseudarthrosis 
formed when the attempt was made to bridge the articulation b\ 
stimulating the formation of an exuberant callus 

101 Kalima Beitr z klin Chir 124 423, 1921 

102 Whitman, Armitage J Bone & Toint Surg 4 266 (April) 1922 

103 Muller, Walther Beitr z him Chir 124 315, 1921 
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Spontaneous Healing in Transplanted Bone — Haas 104 transplanted 
freshly removed bones, which he _ fractured into muscle tissue and 
observed the healing of the fractures, though eventually the bone was 
absorbed He concludes, therefore, that there is sufficient energy in 
the osteoblastic cells of a living bone transplant, even remoted from 
all bony contact, to form a union between the fragments He believes 
that these experiments clearly indicate the advisability of employing 
fresh living transplants for all purposes 

Slipping Rib — Four articles on “slipping rib” have appeared in 
recent issues of the British Medical Journal by Davies-Colley, 10 "’ Mar- 
shall, 106 Mahon 107 and Ewart 108 Abnormal mobility of the lower 
intercostal joints they consider fairly common and capable of producing 
very annoying symptoms In Davies-Colley’s two cases, excruciating 
pain was produced by exertion, the sharp stabbing character giving 
place to a dull ache A mistaken diagnosis of deep abdominal or 
thoracic lesion had resulted, m one of his cases, in the performance of 
a futile laparotomy The removal of 3 inches (7 6 cm ) of the terminal 
cartilage of the tenth rib effected a complete cure in both of his cases 
In one of Mahon’s cases, the ninth rib was affected and successfully 
healed in the same manner Marshall reports the removal of a small 
portion, three-fourths inch ( 19 mm ) of the cartilage, of the third rib 
in one case, and of the end of the eleventh rib m another case, with 
relief of symptoms 

Posttr muriatic Spondylitis — Kummell 100 has written a late article on 
the disease which bears his name He maintains that it is quite distinct 
from the changes seen in a compression fracture which are evident in 
the roentgenogram immediately following the injury, while m the cases 
of posttraumatic spondylitis the early roentgenograms show no changes, 
and only those taken at a much later period show the collapse of the 
rertebral bodies and destruction of the intervertebral disks He mentions 
three stages m the disease (1) the stage of initial injury with an 
immediatel) following more or less severe shock, superseded m a short 
time by continued local pam m the region of the affected vertebrae, 
(2) a stage of relative well being and the resumption of actmty, (3) 
after weeks, months or years, the formation of a knuckle and the 
recurrence of increasing pam The treatment, m his opinion, consists 
of recumbenc} for several w-eeks If the patient, as is usual, is seen m 
the third stage, he is gnen a brace which he w r ears for from four to 

104 Haas S L T Bone & Joint Surg 4 209 (April) 1922 

105 Da\ les-ColIej Brit if J 1 432 (March 18) 1922 

106 Marshall, Powiton and Soltau Brit M J 1 516 (April 1) 1922 

107 Mahon R B Brit if T 1 602 (April 15) 1922 

108 Ewart Brit if T 1 622 (April 15) 1922 

10n Kummell -\rch t hhn Chir 118 S76 (Xo\ 24) 1921 
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six months and then abandons it if ankylosis is firm He is inclined 
to favor an ankylosing operation on the spine as diminishing the period 
of convalescence and producing a more sure freedom from symptoms, 
especially in laborers 

Flcuon Conti defines of flic Knees — Maraghano 110 reports two 
cases of persistent flexion contracture of the knees m which forcible 
straightening and long retention in plaster have been followed by a recur- 
rence of the deformity In these cases, he injected 60 per cent alcohol 
into the branches of the sciatic nerve supplying the semimembranosus, 
semitendmosus and the long head of the biceps The result was an 
apparently permanent relief of the contracture 

Isolated Disease of the T at sal Scaphoid, Kohlei ’s Disease — Risser 111 
has observed a case of this peculiar disease with a typical roentgeno- 
gram of a small dense scaphoid Without any support, the acute symp- 
toms disappeared in approximately three months, and in six months, 
it was impossible to distinguish any difference in the shape or structure 
of the two scaphoids m the roentgenograms 

Diagnosis and Treatment of Common Inpines of the Shouldei Joint 
— Lovett 112 points out the importance of recognizing the difference 
between sprains of the ligaments, muscular strains, injuries to the biceps 
tendon, rupture of the supraspinatus tendon, bursitis and synovitis m 
injuries of the shoulder joint He advocates the use of the aeroplane 
or platform abduction splint in all cases He believes that gradual 
abduction of the arm by means of such a splint is more efficacious and 
less painful in cases of adhesions than massage and nagging passive 
movements Occasionally, manipulation under an anesthetic saves time 
He considers that the saber cut incision of Jones and Codman offers 
the best approach for the repair of a ruptured supraspinatus tendon, 
and in cases in which a chronic subacromial bursitis has not yielded 
to treatment, or m which there is a calcareous deposit in the walls of 
the bursa 

[Ed Note — We have called attention to the fact that under con- 
servative treatment many of the patients m whom calcareous deposit in 
or about the bursa are evident in the roentgenograms not only are 
relieved of their symptoms, but also of their calcareous deposits, as far 
as the roentgen-ray evidence goes, by conservative treatment We do 
not believe that the finding of these deposits, even of considerable 
degree, always indicates the necessity of operatne removal A Aery 
important factor in the production and relief of shoulder joint symptoms 

110 Maraghano Chir d org di movimento 5 659 (Dec ) 1921 

111 Risser, A S Isolated Disease of the Scaphoid Bone of the Foot, 
f A M A 78 647 (March 4) 1922 

112 Lo\ ett, R W Surg, GAnec & Obst 34 437 (April) 1922 
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of the bursal type or the type spoken of by Lovett as irritable arm 
or false neuritis, occupational neurosis, etc , is, in our opinion, the 
habitual position m which the shoulder is held and used It will be 
found, we believe, that most of these patients carry their shoulder far 
forward, and relief is often prompt and permanent if, by a light 
webbing elastic brace fastened to the corset or trousers, the shoulder 
is held well back in use, and the position is made habitual by appro- 
priate exercises and correction of the general posture 

FRACTURES 

Fiactwcs of the Forearm — Magnuson 113 points out the fact that in 
fractures of the Colles and chauffeur type an injury to the distal radio- 
ulnar joint is a usual concomitant Lack of recognition of this injury 
often leads to a limitation in supination Fractures of one or both 
bones above the wrist should be fixed in the neutral position, or in full 
supination, since the space between the two bones is widest in these 
positions In fractures proximal to the insertion of the pronator radii 
teres, Magnuson advocates open reduction because of the diverse muscle 
pulls, the likelihood of excessive hemorrhage due to injury of the 
nutrient artery and because of the greater danger of synostosis at this 
level Fractures of the ulna proximal to the middle result from direct 
violence and are frequently associated with dislocation of the head of 
the radius, which should be examined The author advocates bed treat- 
ment with traction in suspension as the best method, believing that 
many of the bad results may be attributed to the ambulatory method 
and lack of traction 

Fi actui c-Dislocatwn of the Spine — Hibbs 114 reviews twenty-two 
cases of fracture-dislocation of the spine, one in the cervical region, 
two in the dorsal, two in the dorsolumbar junction, and seventeen in 
the lumbar region Eleven, or exactly 50 per cent of the whole series, 
were of the fifth lumbar vertebra There had been a comparatively 
recent se\ere injury in all but five of the lumbar cases These patients 
had received injuries often not thought severe in childhood, with symp- 
toms not appearing until adult life At operations performed on three 
of these fire patients, ununited fractures of the pedicles or laminae were 
found Hibbs believes that these late symptoms may be accounted for 
In the failure of the adult completely ossified vertebrae to accommodate 
for the bom abnormaht) He adrocates bon) fusion as a means of 
relief of sjmptoms and reports success in etery case of his series m 
which it has been performed 

113 Magnuson, P B Mechanics and Treatment of Fractures of die 
Forearm TAMA 78 789 (March 18) 1922 

11-4 Hibbs R \ Fracture-Dislocation of the Spine Treated In Fusion 
Arch Surg 4 59S (Mi\ ) 1922 
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Kidney and Bladdei Function Following Gunshot Fiactwes of the 
Spine — Cumming 113 makes a further report of observations on the 
cases leportecl by Plaggemeyer on a series of twenty cases of shell 
fracture of the spine Nine more cases are added They have refrained 
from continued catheterization and employed urinary antiseptics, daily 
enemas and mild laxative His conclusions are as follows (1) Since 
the observations made by Plaggemeyer and in most of the shell fracture 
cases, since injury, there has been no return of the reflex nervous 
control of the bladder From the neurologic standpoint, in general, 
there has been decided motor improvement and less, if any, sensory 
improvement (2) In several cases, partial sex function is recorded 
In one case, the man married and reports normal sexual power since 
the spring of 1920 His bladder picture returned to normal, and the 
only disability remaining is a slight sensory loss in the genitalia (3) All 
except a few patients with shell fracture have recovered good general 
health, even though they may not have excellent kidney function In 
the fatal cases, the patients died early in the course of the disease, in 
every instance from kidney infection and uremia (4) In all except 
the one case noted above, we believe that the bladders have retained the 
changes developing subsequent to the injury Each patient carries a 
small amount of residual urine (5) In no case has there been infection 
late in the progress Other complications have been avoided, owing to 
avoidance of catheterization as far as possible (6) Of the two surviving 
patients who had had kidney infection, both came to operation, one for 
early drainage with complete recovery, and the other after more than a 
year for nephrectomy (7) Use of the sinusoidal current for bladder 
stimulation was apparently efficacious for a time, but m two cases 
serious complications developed (8) Of supreme importance to the 
patients themselves is the fact that their general condition has improved 
to a point at which they are ambulatory, enjoying life to a degree 
seemingly impossible Their bladders have taken on the automatic state 
with which they can be entirely comfortable (9) Hyperlndrosis, a con- 
stant finding m these cases, has persisted to a varying degree All the 
trophic ulcers have healed (10) Repeated cystoscopy in one case had 
no detrimental effect Following nephrectomy for pyonephrosis of long 
standing, the patient improved and increase in kidney function occurred 
(11) The average amount of residual urine found m the cases included 
in this report was 260 c c (8% ounces) Two patients had a constant 
residual amount of SO c c (27 fluidounces), making the average rela- 
tively high 

115 Cumming R E Shell Fracture of the Spine and Changes in Kidne\ 
and Bladder Function, JAM \ 78 335 (Feb 4) 1922 
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Fiactme of the Pelvis — Bacon 110 makes a report on thirty-two 
cases of fracture of the pelvis The etiology is always direct violence, 
usually laterally applied, rather than anteropostenorly In this series, 
the pubic bone was fractured nineteen times, the ilium eighteen, and the 
ischium nine Fractures of the ascending ramus of the ischium are 
the ones most commonly overlooked Shock is nearly always present 
m pelvic fractures, and a slowl} increasing ecchymosis m the pubic and 
perineal region is almost constant Gross deformity is rare The 
complications consist m tearing of the anterior and posterior ligaments 
of the sacro-ihac joints, which occurred m 25 per cent of the cases and 
w r as the most disabling feature, 25 per cent of the patients also sus- 
tained ruptures of the urethra and bladder, and half of these were 
fatal Only one other case of the series resulted fatally Nineteen 
of the thirty-two patients returned to their former work with an 
average disability of less than six months In the treatment, he advises 
recumbency m a fracture bed, massage m three weeks, active and 
educative muscle movements m five or six weeks He has discontinued 
the use of adhesive plaster strapping and plaster-of-Pans The treat- 
ment of the shock is the most important He believes that anatomic 
replacement m fractures of the ramus of the ischium, of the ramus and 
body of the pubic bone, or of the ilium near the acetabulum, is impos- 
sible by closed methods, and he advises against open operations 

Fiactuies of the Neck of the Femur — Dorrance and Murphy 11 ' 
have employed the abduction method in twenty cases of fracture of 
the neck of the femur, all but two occurring between the ages of 
60 and 80 years Of these twenty, they consider nine to have a good 
functional result, three walked with a slight limp, four walked with 
a cane The two cases occurring m younger subjects, ages 37 and 50, 
obtained bony union The roentgenogram m seventeen of the cases 
revealed dense fibrous union, though clinically firm osseous union 
seemed to exist A point m reduction which they consider important 
is that before abduction is carried out, the assistant makes strong trac- 
tion downward while the operator makes strong traction outw r ard on 
the upper third of the femur, manipulating the fragments into position 

Henderson 11S also is convinced that bony union m fractures of the 
neck of the femur is difficult to obtain He is of the opinion that the 
operations of Brackett and Whitman open a wade field for surger}, 
and if there is sufficient remaining neck and the patient is not too old, 
he belie\es that bone grafting and pegging have a place in the treatment 

116 Bacon, J E Southwestern tiled 6 4 (Jan ) 1922 

117 Dorrance, G M and Mur pin E C Penn M J 25 449 (^pril) 1922 
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Metatai sophalangcal Fiactwes — In Bolduc’s 119 series of twenty- 
seven cases of these fractures, the commonest injury was a chip fracture 
of the terminal phalanx of the toes He thinks that the treatment of 
the fracture is always surgical, to relieve tension of the extravasated 
blood in the sac about the encapsulated end of the phalanx The 
loentgen ray will reveal fractures in many cases of supposedly simple 
contusions 

Nonunion of Fiactwes — An excellent article on the nonunion of 
fractures has been written by Waring and Milligan, 120 which does not 
lend itself to abstract The authors have not found it necessary to 
employ elaborate methods of bone grafting, plating or wiring They 
do not hesitate to shorten the bones if firm union may be thus 
more certainly assured, feeling sure that functionally this is of first 
importance 

Putzu 121 divides the cases of nonunion of the bones of the upper 
extremity into three classes (1) nonunion of short duration, with 
fragments in good position and no suggestion of interposition of soft 
tissues The treatment consists of various methods of physiotherapj 
and stimulation (2) Nonunion in which the fragments are m good 
position with little or no loss of substance, but separated by foreign 
bodies or soft tissue The treatment consists of osteosynthesis by one 
method or another (3) Nonunion in which there has been a con- 
siderable loss of substance or the bone ends have lost the osteogenic 
power of regeneration Treatment is accomplished by means of bone 
transplants 

DISLOCATIONS 

Caipal Dislocation — Speed 122 states that the cause of fracture 
dislocation of the carpal bones is always a fall on the hand In frac- 
tures, immediate and prolonged immobilization is the only treatment 
likely to bring about union If cases are neglected, nonunion and cavity 
formation result, and the excision of the whole bone is the procedure 
of choice A dislocated carpal bone replaced ver) soon after the injury 
may renew its vascular connection and live The compartment from 
which the bone escapes soon grows smaller and becomes filled with 
fibrous tissue, so that it becomes impossible to replace the bone or at 
least undesirable to do so, owing to the necessary damage to neighboring 
bones, while the dislocated bone, even if replaced, will probabl) lie in 
the wrist as an irritating foreign body 

119 Bolduc, AG J Industrial Hygiene 3 371 (April) 1922 

120 Waring, H J and Milligan, ETC Brit J Surg 9 408 (Tan ) 3922 

121 Putzu Policlinico 28 528 (Dec 15) 1921 

122 Speed, Kellogg Carpal Bone Fracture Dislocation abstr T \ M \ 
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Cohen, 123 on the other hand, m reporting a case of anterior dis- 
location of the semilunar bone, and reviewing the literature, concludes 
that closed reduction is the method of choice and may succeed as late 
as three weeks after the injury In over 50 per cent of the cases, 
dislocation of the semilunar bone is associated with lesions of the neigh- 
boring bones 

Cohen 124 also reports a case of dislocation of the pisiform bone 
associated with a partial slip of the distal radial epiphysis A blow or 
muscular action may produce the lesion, which is very rare m spite of 
its exposed position That it is so rarely dislocated is due to the fact 
that it has a certain amount of normal give or play and that its capsule 
is so strongly reinforced by extension from the internal annular liga- 
ments and the insertion of the flexor carpi ulnaris Cohen states that 
the disability resulting from the dislocation is slight and hardly warrants 
the procedure of suturing it back m place 

Dislocation of the Hip — Bosch 125 has studied four personally 
observed cases of central luxation of the hip joint, reviewing the 
literature of seventy-five others The mechanism of the fracture is a 
violent force acting m the direction of the axis of the neck If at the 
time of the application of the force, the thigh is held m abduction, 
outward rotation and flexion, the head is driven into the anterior 
superior compartment of the acetabulum If the thigh is held in abduc- 
tion, inward rotation and flexion, the fracture occurs m the anterior 
inferior quadrant Force great enough to fracture the acetabulum 
usually fractures other portions of the pelvis Examination through the 
rectum is often helpful in diagnosis The best method of reducing the 
subluxation is by continuous upward traction, combined with lateral 
traction Bosch considers this much safer than forceful attempts at 
quick reduction, even if it requires heavy weights and twenty-four 
hours When the trochanteric position had returned to normal, he 
succeeded in one case in reconstructing the acetabulum by pressure 
through the rectum He advocates early voluntary motion, but freedom 
from weight bearing for ten weeks at least If the lesion is unrecog- 
nized, much disability may be expected 

Camjibell 12C reports a case of traumatic dislocation of the hip into 
the perineum, with avulsion of the greater trochanter Every effort 
at close reduction failing, an open reduction was accomplished, twelve 
days after the injury' A thick aponeurotic band and the insertion of 
the gluteals w r as wwapped around the neck and resisted reduction In 
four months the result was extremely satisfactory' 

123 Cohen Med Rec 10 1 656 (April 22) 1922 

124 Cohen \nn Surg 75 238 (Feb ) 1922 

125 Bo<=ch Schweiz med Wchnschr 51 1129 (Dec 8) 1921 
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Subasti agaloid External Dislocation — Jones 127 emphasizes the seri- 
ousness of subastragaloid external dislocation, as shown by a study of 
the literature, and reports a case of his own, complicated by fracture of 
the neck of the astragalus The mechanism of the lesion is strong 
pronation with eversion Tenotomy of the Achilles tendon may facili- 
tate reduction, permitting lateral replacement of the dislocated os calcis 
Traction on the os calcis should be accompanied by strong supination 
of the forefoot In compound fracture dislocations, necrosis of the 
astragalus seems to be prone to occur and an early astragalectomy 
should, in Jones’ opinion, be considered 

AMPUTATIONS AND PROSTHESES 

The Caines Ann — Radike 128 states that in Germany there has been 
a widespread demand for the Carnes arm, following the publications and 
demonstrations of Dr Max Cohn He recognizes the fact that it is a 
complicated apparatus and requires much training and long practice to 
obtain the necessary skill in its use, but he considers that its mechanical 
principles and its practical usefulness make it and the Sauerbruch arm 
the best forms of prostheses 

Cmeplastic Amputations — Ten Horn 129 estimates that in German) 
there were between 2,500 and 3,000 amputations after the cmeplastic 
methods of Sauerbruch He reports a study of 403 cases, half of them 
three or more years after the operation Eighty-three and five-tenths 
per cent expressed themselves as satisfied with the result and the 
prostheses, 74 1 per cent used the prostheses continually, 8 8 per cent 
irregularly , 8 7 per cent , only for cosmetic purposes, and 8 4 per cent , 
not at all Ninety-five and five-tenths per cent were engaged in some 
occupation Of the upper arm amputations, occupational ability Avas 
fully restored in 59 8 per cent , 24 7 per cent, almost fully, 10 3 per 
cent , about half, and 5 2 per cent , only slightly With forearm ampu- 
tations, the figures were about the same, though a little less favorable 
Of the total number of upper limb amputations, approximately 80 
per cent were able to resume fully or almost fully their former 
occupations 

Blencke 130 esteems the Sauerbruch method of amputation and his 
prosthesis very highly, but regrets that the lesults have not come up to 
the expectations in man\ r instances, OAving to the lack of firmness and 
muscle poAver in the canals and loops This he beheA r es is due to 
imperfectly executed operations and to the AAant of persistence and 
energy, on the part of patients, in exercises 

127 Jones, Ellis J Bone & Joint Surg 4 325 (April) 1922 

128 Radike Arch f orthop 19 551, 1921 

129 Ten Horn Munchen mod Wchnschr 69 230 (Feb 17) 1922 
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Methods of Obtaining Long Stamp tn Thigh Amputation — Sauer- 
biuch 131 devised and executed a daring and apparently successful opera- 
tion designed to supply a longer thigh stump in cases of high amputation 
or disarticulation of the femur This consists of fashioning long skin 
flaps from the thigh, excising for tumor or osteomyelitis the necessary 
portions of the femur, incising the lower leg down to the ankle joint 
and turning the lower leg completely back on the thigh, implanting the 
lower end of the tibia into the acetabulum or the femoral stump The 
tuberosities of the tibia became the condyles of the femur , the abductors 
and adductors of the thigh were sutured to the periosteum of the tibia 
and the vessels were uninjured The operation was performed on a 
child, and the result was a completely movable stump, capable of weight 
bearing and neb m soft parts 

Obstinate Equinus of Foot Stumps — Kortzeborn 132 calls attention 
to the frequent obstinate equinus which results in foot stumps, follow- 
ing exarticulation of the Chopart and Lisfranc types and in certain 
atypical amputations The cause of this he states is the shrinking of the 
posterior capsule of the tibio astragaloid joint, which must be sub- 
penosteally separated and the bones manipulated before a lengthening 
of the Achilles tendon will avail to correct the equinus and restore the 
bones to their normal position 

Wilson , 133 as a result of experience gained during the war, in the 
treatment of patients with amputations of the lower limb, has shown 
that it is possible to get such patients out of bed without crutches and 
actively bearing weight on peg legs or simple forms of artificial limbs 
at a period of two or three weeks after amputations Early weight 
bearing is a great advantage to the patient because (a) it promotes 
healing of the wound by improving the circulation, and in cases with 
terminal localized osteomyelitis favors the separation and spontaneous 
discharge of sequestrums, ( b ) it hastens stump shrinkage and prevents 
muscle atrophy and the development of joint contractures, (c) it 
favorably influences the patient’s morale, (d) it greatly shortens the 
period until the permanent artificial limb can be fitted, and reduces the 
need of frequent alterations to the socket and thereby greatly reduces 
expense to the patient Provisional apparatus to secure early weight 
bearing may be made to best advantage of simple materials, in the use 
of which the surgeon is already skilled With understanding of the 
ad\antages of early weight bearing in the treatment of amputations of 
the lower limb and of the little difficulty involved in its application, the 
method should be universally applied 


131 Sauerbruch Dcutsch Ztschr f Chir 169 1 (Feb ) 1922 
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BOOK REVIEW 

ARTIFICIAL LIMBS AND AMPUTATION STUMPS A PRACTICAL 

HANDBOOK By E Muirhead Little Philadelphia P Blakiston’s Son 

& Co 1922 

It is with great pleasure that we welcome this book which fills 
successfully a long existent gap m surgical literature With the excep- 
tion of a translated edition of Broca and Ducroquet's book on “Artificial 
Limbs” and another small book bj' Huggins on “Amputation Stumps,” 
both of which are much less comprehensive, no authoritative work on 
this subject has been published m the English language since the war 

Mr Little, in his capacity of consultant to the Royal National 
Orthopaedic Hospital and to Queen Mary’s Convalescent Auxiliary 
Hospital at Roehampton, has had a particularly rich experience in the 
prescription and fitting of artificial limbs since the beginning of the 
war Through his hands have passed many thousands of cripples repre- 
senting every variety of problem, and this book embodies in a clear and 
detailed way his large experience 

The major part of the book is devoted to a study of various t>pes 
of artificial limbs, and, in addition, he presents a complete description 
with illustrations of the official prostheses used by the British Ministry 
of Pensions The British government, with about 40,000 cases of major 
amputations, early began experiments to develop improved types of 
apparatus, and many of the models finally adopted are superior to those 
which had been developed by private initiative alone In the United 
States, the number of war cripples was not sufficient to stimulate 
originality on the part of the manufacturers, the ordinary industrial 
field being so large and profitable The result is that our limb builders, 
although the best in the world before the war, have lagged behind their 
British cousins 

Cooperation between surgeon and limb maker is necessary for 
progress The war has shown that few medical men know anything 
about artificial limbs Those who perform amputations must know 
the requirements of a good stump and the functional possibilities of 
amputation at different levels, and should be able to advise the patient 
as to the best type of apparatus for him to use and where to obtain it It 
is to be hoped that this book will do much to remove the present medical 
weakness 

MISCELLANEOUS 

Bi achtal Plc\ us Jujut irr — Adson 11 1 has studied the gross patholog} 
of brachial plexus injuries by subjecting cadavers to various tjpes of 
trauma, fiom two to thice hours after death Dissections were then 

114 Adson SnrK, Cijncc & Obst 34 351 (.March) 1922 
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made, and the lesion of the plexus observed (1) When the pull on the 
arm is downward and outward, as in a sudden attempt to release the 
hand or lower arm by jerking it away, extreme force may be followed 
by complete elongated laceration distal to the nerve trunks m the three 
cords (2) In other types of trauma, the lesions of the nerves are 
situated in the vicinity of the intervertebral canal, proximal to the 
brachial trunks (3) The lesions may be very slight, consisting of 
lacerations of the fascia about the cervical ganglion and the cervical 
trunk, with or without avulsion of the ganglion (4) Patients with 
milder injuries may be expected to recover partially or completely, 
without surgical treatment Those with more severe injuries rarely 
recover, even with surgical treatment 

Radiothej apy in Syi mgomyelia — Coyon, Lhermitte and Beaujard 135 
report great improvement in the gliomatous form of syringomyelia from 
systematic roentgen-ray exposures to the upper spine In one case, after 
fifteen months’ treatment consisting of exposures, every eight days, to 
the cervicodorsal region, the disease was apparently completely arrested 
In their other case, a young man who was on the point of becoming 
helpless had his wage earning capacity restored after about thirty 
exposures in two stages Thirteen years later, this patient died of 
pulmonary tuberculosis, and necropsy revealed a retrogression of the 
gliomas and an obliteration of the cavities in that part of the spine 
which had been exposed, while the gliomatous tendency in the unexposed 
portion had continued to progress slowly No injury to the meninges or 
the nervous elements could be found 

Piogicsswe Musculcn Atiophy — Goldthwait 130 describes a sug- 
gestive case of a man of 33 who for eight months had been suffering 
from a progressive muscular weakness affecting the upper and lower 
limbs, for which there was no discoverable specific cause There had 
been some weakness of the knees and ankles, always exaggerated by 
use, for the last four to five years There was obvious atrophy of the 
muscles of the legs, and less noticeable atrophy of the arm muscles, but 
no paralysis There was some weakness of the abdominal muscles 
The reflexes were all diminished The chest was flat , the abdominal 
wall thin and relaxed, and a ptotic attitude was constant The treatment 
was planned along the lines of correction of the bad bodily mechanics 
in the hope of restoring a more normal physiologic balance H e 
impro\ed markedly and surprisingly rapidly A report, six and one halt 
years later stated that he had remained m good condition and was able 
to do all the \\ ork that could be expected of an active business man 

135 Ccnon Lhermitte and Beaujard Bull et mem Soc med d hop de 
Pam 46 3S7 (March 3) 1922 

136 Goldthwait Boston M & S J 186 559 (A.pril 27) 1922 
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fHE PRESENT AND FUTURE IN THORACIC 

SURGERY 


SAMUEL ROBINSON, MD 

SANTA BARB AR V, CALIF 

It behooves the president of a well-established medical society to 
address its members in person Regrettably, I am compelled rather to 
write you a letter apologizing for my unat oidable absence and wishing 
you a successful meeting and a free exchange of ideas on the subject 
to which this association is devoted 

I have chosen as my subject the present and future of surgery of 
the thorax Would that I might so contrast the thoracic surgery of 
today with that of years gone by that its present status would be 
regarded as a blessed boon to humanity Would that I might demon- 
strate that, as a result of persistent and untiring experimentation and 
clinical study, innumerable human beings are saved today who pre- 
viously would have died It would be a tremendous exhilaration to 
compile a list of modern operations which today might be combating 
jiathologic conditions of the thorax with a success which our prede- 
cessors could not have conceived 

But alas, would the surgeon of fifty jears ago look now with any 
degree of envy at the accomplishments of today ? 

The farmer may well console his mortification over the deficit from 
the crops of a dry year by picturing the harvests to follow the promised 
rains of the year to come, so, likewise, may we disguise our inade- 
quacies in the thoracic surgery of today by dwelling on the possibilities 
of the future 

But for the present, let us face the present — not m the reflected 
light of future possibilities, but rather m the light of the actual 
improvement over the past 

Before the beginning of this centurj , a reluctance prevailed to enter 
the thoracic cavity for purposes other than drainage of fluids Animal 
experimentation has since developed apparatus which has rendered an 
exploratory operation on the animal thorax a safe procedure The 
danger of pneumothorax m wide operations on the human thorax has 
likewise been dispelled Now, therefore, there need be no reluctance 
to enter the pleuial cavit) — at least not because of the region as such 
This would seem to mark a great transition — a millemum And «onic 
da\, well it may, but since the development of differential pressure 
apparatus, has surgery of the thorax det eloped in am thing like the 

* Reid before the American Association lor Thoracic Surgan \\ islimgton, 
D C April 29 1922 
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expected proportions 7 Many wide open operations were successful!) 
performed during- the war, but most of them were performed without 
differential pressure .Let us define the actual progress creditable to 
this discovery The transthoracic approach to the esophagus, otherwise 
impossible, is now safeguarded by the use of apparatus If the technical 
difficulties of such operation are overcome, the ultimate success may be 
credited to the discovery of differential pressure and to the development 
of a peifected technic during the present period 

Operations foi mediastinal tumors, for tumors of the chest wall, 
for bronchiectasis, for lung tumors should be performed with the aid 
of differential pressure, even though they may be successfully executed 
without such accessories We may justly assert that such operations 
are now moie willingly undertaken because of the safeguard provided 
by apparatus , furthermore, that the mortality in such operations is 
probably reduced in that group in which apparatus has been used 
Even this claim could not be statistically proved Until such time as 
we are able successfully to perform an mtrathoracic operation with 
differential pressure which could not be performed without it, or until 
we can definitely prove that the mortality from such operations as 
may be performed with or without apparatus is lower with than with- 
out, we cannot claim actual progress 

In considering the various surgical diseases of the thorax in turn, 
where is progress revealed and where is it lacking 7 

EMPYEMA 

I have recently reviewed this subject to date The publications 
are legion A large proportion of patients with acute postpneumonic 
empyema will recover in a short time following the single open drainage 
employed for centuries There is no definite evidence that any new 
drainage device, suction device, irrigation technic or any other invention 
has lowered the mortality or reduced the chromcity m these uncom- 
plicated acute cases This is perhaps an extraordinary statement, hut, 
I, ne\ ertheless, defy any one to corral statistics from all available 
sources including his own, which will prove the contrary 

One definite fact has been learned, that wide open drainage cannot 
and must not be instituted in the early stages of an acute hemolytic 
streptococcus empjema The danger of a superposed operate e 
pneumothorax In these cases is established When, however, the 
pneumonic pressure has subsided, there is ample evidence that open 
drainage is tolerated as well as in the ordinary acute pneumococcus 
empiema So likewise, is a closed technic entirely proper in the 
hemohtic cases from the beginning to the end, if you please But after 
weighing the achantages and disadvantages of the open and closed 
method of handling acute empvema one cannot be accused of s eniht\ 
or bad surgen who re\erts to the old pre-u'ar technic 
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Nevertheless, it would be ridiculous not to concede that the develop- 
ment of the closed method of treating acute empyema expresses a 
definite contribution 

The use of surgical solution of chlorinated soda ( Carrel-Dakm 
solution), or other antiseptic, appears to me to be of great significance 
m the handling of cases of chronic empyema Even though a closed 
method treatment of chronic empyema may frequently be inadequate to 
cure without a subsequent plastic operation, such an operation when 
performed is bound to be less extreme and less mutilating, and, con- 
sequently, less often fatal The obliterative thickening of chronic 
empyema cavity walls under the cleansing and stimulating effect of 
Carrel-Dakm solution is unquestionably hastened Ca\ lties which 
would necessitate for their obliteration an elaborate, destructive opera- 
tion of the Schede type may first be reduced in their proportions by 
antiseptic installation and irrigation applied by the closed technic , until, 
finally, if complete closure is not promising, a far less extreme plastic 
operation is sufficient to complete the cure The best treatment of 
chronic empyema today is an intelligent combination of the antiseptic 
and operative treatments Not infrequently, the operative portion of 
treatment should be first, in order to render a cavity in all its ramifica- 
tions readily accessible to the irrigating solutions In such instances, 
ribs and thickened pleura are excised not for the purpose of permitting 
caving in of the cavity, but rather of unroofing the cavity for inspection 
The skin and muscle are then sutured in and over , a direct and unob- 
structed channel being left for the introduction of a tube or tubes to 
the remotest parts of the space to be sterilized and obliterated by 
closed treatment 

Should this association as such express its attitude regarding open 
and closed methods, Carrel-Dakm usage or omission, may we not 
denounce the establishment of two definite schools, one for, and one 
against, the closed treatment ? The hyperenthusiast who has deceived 
himself sufficiently to believe that acute and chronic empjema are dis- 
eases always curable without any further surgical procedure than the 
mtioduction of a catheter or trocar is a menace to the community So, 
likewise, is the pessimist, blind to the teachings of the day, w ho refuses 
to see any advantages in the closed method He will occasionally 
openly dram and lose certain patients that would have been sa\ed bj 
closed treatment He will perform extensne osteoplastic resections 
that might have been modified b> Carrel treatment prior or subsequent, 
to bis operation 

The scrupulous surgeon of todax will train himself in the technic 
of both the closed conserxatixe and the open radical methods of handling 
emp}ema He will be equipped with suitable apparatus and instruments 
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for both He will intelligently discriminate between the cases suitable 
for one method and those better adapted to the othei 

BRONCHIECTASIS 

It has always been my belief that the greatest triumph in thoracic 
surgery will be the suigical eradication of this deplorable disease The 
enthusiast returns from the war who has often dragged a lung lobe 
into a spread thoracic wound, opened it, scraped it, washed it — yea, 
even removed it — and concluded, therefrom, that mtrathoracic surgery 
is freed of its supposed dangers, and that the possibilities therein are 
comparable to those in the abdomen Let him attempt the same per- 
formance m Ins home hospital in a case of lower lobe bronchiectasis 
Then will he learn what real thoracic pathology means The patient 
is placed on the operating table The posture is uncomfortable There 
may be cyanosis It induces coughing The anesthetist is greeted by 
an evacuation of a large amount of pungent, purulent sputum, incident 
to the posture on the table The whole bronchial tree may be filled 
with this material as the anesthetist begins If regional blocking and 
paravertebral procamization is carried out, the pleura is no sooner 
opened and traction on the diaphragm commenced than the need of 
general anesthesia is obvious As the secretions well toward the trachea, 
the cyanosis increases The lower lobe obstinately resists being 
delivered , the pleural adhesions are strong and widespread , the attach- 
ments to the diaphragm are ropelike and tenacious Finger dissection 
is inadequate Work with the knife and scissors is blind Cleavages 
are sought in vain The pericardium is dangerously involved in the 
adhesions Meanwhile, the patient’s condition may become distressing 
and perhaps alarming If open pneumothorax is adding insult to injury, 
the lung cannot be used to plug the thoracic gap, because the lobe 
is not deliverable If differential pressure is being employed, that too 
may be acting badly The mucopurulent secretion may interfere with 
proper intratracheal air insufflation It interferes with the respiration 
under positive pressure There may be cyanosis, even with the head 
outside a negative pressure cabinet And then the difficulties multiply 
The complete liberating at one sitting may have to be abandoned There 
is bleeding and infectious leakage from the lung, and bleeding from 
the diaphragm Tight closure of the chest without drainage seems 
inadMsable under such conditions, and }et necessary to avoid the ills 
of postoperatn e pneumothorax Suddenly, it is obviously time to 
return the patient to his bed Not much has been accomplished 

I hare related this storj of a more or less tjpical operation for 
bronchiectasis to emphasize the difficulties which are facing us m lung 
surgerr And after all, the greatest dangers occur after the operation 
It is the pathologic condition then developing which is likely to be 
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the patient’s undoing The pulmonary circulation is disorganized b} 
the postoperative pneumothorax, closed or open, as the case maj be 
The respiratory apparatus is demoralized The lung of the bad side 
is congested, following its traumatization It is compressed by accumu- 
lated blood and fluid Its better portions are incompletely filled because 
of restricted expansion The diaphragm is fixed because its motions 
are painful , the chest wall is immobile for the same reason, and because 
of its constricting dressing, and the mtrathoracic pressure has been 
so altered that lung expansion is further minimized 

Then come the dangers of pleural infection later m convalescence 
There is more operating to be done That person, then, with bron- 
chiectasis who is fortunate enough to have disease m but one or two 
lobes, who withstands the severe primary operation and overcomes the 
subsequent derangements m his physiology sufficiently to withstand a 
second operation, and who meanwhile resists the infection incident to 
both, is, to say the least, fortunate Nevertheless, we have obtained 
cures Four years ago, the mortality was about 50 per cent It is 
less now Progress has been made and it will continue to be made 
Let us labor persistently with the disease The bronchoscope like the 
roentgen ray will help in the selection of suitable cases Local therapy 
through the bronchoscope will perhaps abort the early cases It will 
symptomatically relieve the inoperable cases, and it may cure those 
persisting areas of bronchiectasis which excisions have not included, or 
could not include Radium or therapeutic roentgen ray may prove of 
value in conjunction with operation We must further determine 
whether ligation of arteries or veins to a bronchiectatic lobe is of 
actual and permanent value, either as a cure or as a preliminary to 
lobectomy I have mechanically produced bronchiectasis in dogs bv 
ligating the mam bronchus The artificial bronchiectasis is devoid of 
the complicating elements resulting from infection as we see them in 
man, hence the excision of an artificially produced bronchiectatic lobe 
is not attended by the difficulties confronted in the human being There 
is, nevertheless, an interesting field for animal experimentation 

There are other problems to be worked out m human bronchiectasis 
Should a lobectomy be performed m one, two or three stages ’ Is there 
any advantage in delnering the infected lobe to the chest wall as a 
preliminary stage, disconnecting it subsequently bv knife or cauterv as 
the normal function of circulation and respiration becomes reestablished’ 

Can bronchiectasis be cured alone by arterial or v enous ligation’ 

Lt_ XG ABSCESS 

Acute abscess of the lung continues to be a surgical disease curable 
bv surgical drainage I know of no specific improvement in technic 
Methods of localization have unproved Certain plastic method- of 
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obliterating abscess cavities after drainage have been instituted Some 
work has been done on the problems associated with the prevention and 
closure of bronchial fistulas, but nothing stands out conspicuously as 
an indication of progress There remains a prevailing disinclination to 
diagnose these cases promptly and to attack them openly, but such 
are not the topics of this discussion 

Chronic lung abscess continues to baffle the surgeon Drainage is 
of comparatively little value I classify these cases with bronchiectasis, 
not that their pathology is by any means identical, but because excision 
is the type of surgical therapy which alone can combat such pathology 

TUMORS OF THE LUNG, PLEURA AND MEDIASTINUM 

We must concede that little, if any, progress has been made in 
the surgical treatment of mtrathoracic neoplasms , nevertheless one 
of the obstacles has been removed, namely, the danger of pneumothorax 
which is necessarily incident to wide mtrathoracic exploration The use 
of apparatus safeguards the transpleural approach to tumors , but 
pneumothorax is perhaps the least hindrance to success Primary 
tumors of the pleura are diffuse They may be extensive and yet 
they may not invade the lung The excision of such tumors is obviously 
impossible unless they are recognized at their mcipiency, and such is 
clinically impossible Primary tumor of the lung, on the contrary is a 
surgical possibility Occasionally, an isolated growth within a single 
lobe of the lung is recognized by the roentgen ray Its situation, 
unfortunately, is more likely to be central or near the hilum than 
peripheral The mediastinal glands are involved early Nevertheless, 
a lobectomy or even an excision of that particular portion of the lung 
involved is technically possible Be that as it may, our results in lung 
excisions are thus far attended with such high mortality that one 
cannot conscientiously advocate a surgical therapy when the success in 
roentgenotherapy and radiotherapy are ever increasing Although a 
lobectomy for neoplasm ought to be technically simpler than that for 
bronchiectasis, the roentgen ray and radium serve as an alternative 
treatment for the former but not for the latter 

The surgical removal of mediastinal tumors has not met any degree 
of success, nor can it be pretended that any particular progress has 
occurred m this field A case is occasionally reported, but the successful 
outcome has not resulted from any new development of technic, appa- 
ratus or instrumentation, but rather from the favorable situation of 
the tumor from the lack of pleural imohement, and from the absence 
of metastasis As to the future, I look rather to advance in roentgcno- 
therapj than m surgical treatment If the size of a mediastinal growth 
can lie even so reduced by the roentgen ra\ that the usual distressing 
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symptoms are relieved, we are forced to substitute such treatment for 
a surgical attempt, the best attainment of which is likely only to he a 
partial removal of the growth 

TUMORS or THE CHEST WALL 

In this group, we can claim not only recent progress hut also great 
promise for the future These tumors are generally of osseous or 
periosteal origin from the ribs They are circumscribed , the) general h 
encroach on the pleura without involving it The skin is rarely 1m oh ed 
consequently the thoracic wall defect, however extensive, maj yet he 
covered by skin and subcutaneous tissue To remove such tumors 
without opening the pleura necessitates a tedious dissection, associated 
ultimately with a pleural tear This is one of the types of thoracic 
operation m which the virgin pleura is opened There are no adhesions 
to prevent prompt collapse of the lung If differential pressure is not 
employed, the operation is frequently interrupted by the onset of 
symptoms of wideopen pneumothorax The pleural defect must be 
closed occasionally to restore normal breathing, this being done either 
by a gauze pad or by drawing the lung outside the body Differential 
pressure in such cases averts these interruptions and obviates the 
dangers of wideopen pneumothorax, which, though rarel) serious, are 
ever present in the operations outlined 

There is no evidence that the mortality in operations for excision 
of tumors of the chest wall has been lessened b) the use of differential 
pressure There is no evidence that these operations have been under- 
taken any more frequently because of this available safeguard 
Frankly, then, if progress may be said to exist m this field, it cannot 
be credited to this developmental phase Nevertheless, whatever ma\ 
be the explanation, the surgery of the thoracic wall has experienced 
an advance More and more patients will, from now on, be operated 
on, and, in the long run, it will be shown that the use of differential 
pressure in such cases is the indicated procedure 

TUBERCULOSIS 

The surgery of pulmonary tuberculosis has advanced in the extra- 
pleural field Lung immobilization and collapse therapv are accomplished 
by various types of osteoplastic resections Intrapleural procedures 
lemain abandoned, essentiallv because the incipient processes which 
might be amenable to surgical excision are generallv cured bv hvgicne 
and m those cases in which advance has occurred the process is too 
diffuse to be eradicated bv surgical methods The drainage of tuber- 
culous cavities remains obsolete and there appears to be no pro'peu 
of a renewal of such therapv 
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Just why the progress in the chest wall cavmg-in operation is vet 
tardy, it is difficult to explain The number of so-called cases and 
the many instances of great symptomatic relief would seem to be suffi- 
cient to warrant a more prevalent employment of such operations 
And yet in a period of about twenty years, comparatively little lias 
been done Sauerbruch’s Clinic at Zurich is watched with interest, 
but elsewhere the statistics are fragmentary Many individuals might 
report, or have reported, from five to fifteen cases If any well-trained 
American surgeon would devote himself exclusively to the study of 
the extrapleural surgical therapy of pulmonary tuberculosis, in conjunc- 
tion with the director of a large tuberculosis sanatorium, I believe that, 
m a comparatively short time, his results would be so beneficial that 
a large surgical clinic would be established for this form of therapy 

TUMORS OF THE ESOPHAGUS 

May the members of this association who have long labored in 
this subject continue to carry on Would that their results were a 
greater reward for their undying persistence If the intrapleural route 
can be perfected, the many dangers of the transpleural route are 
obviated And here, again, we are confronted with the possibilities of 
radiotherapy and roentgenotherapy which may independently, or in 
conjunction with less radical surgery, produce results 

SUMMARY 

To sum up the status quo of thoracic surgery, I argue that the 
progress of the last fifteen years has not been so creditable as we 
are sometimes inclined to suppose The experimental field was laid 
open to us by the discovery of differential pressure, without which the 
dog’s thorax cannot be widely opened for experimental surgery Instead 
of making great use of this adjunct, we have neglected it m our zeal to 
employ differential pressure in operations on man, m whom its usage 
is rarely a necessity, though occasionally an asset Experimental 
surgery has been conducted essentially in other regions of the bod), 
although there are innumerable problems in thoracic surgery which 
must be sohed b) animal work It behooves the workers of this 
association not onh to carry on personally more experimentation, but 
to encourage our younger associates to engage in this type of laborator) 
experimentation The annual programs of this association are lanient- 
abh lacking in reports from surgical laboratories, a -fact which e\pose c 
the prevalent lassitude Clinical!}, too, a far greater effort can be made 
The ‘-urger) of the neck, the abdomen, the pelvis, the genito-urman 
«weni and the extremities is far cleaner, more successful and more 
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remuneiative No surgeon today confines himself to the thorax, and, 
doubtless, this is in a sense fortunate, but our prevailing tendency is 
to give our thoracic cases the least attention The internist is often 
heard lamenting that he cannot find a surgeon who will take any 
interest in his cases of thoracic disease 

Now that the interruptions of war are over, and our attention is 
again centered on the study of the diseases of civil life, I look for 
renewed progress in the chosen subject of this association 
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Eighteen years have passed since Sauerbruch solved the problem 
of attacking intrathoracic organs by means of his differential pressure 
chambei By this invention, it was hoped that it might be possible to 
reach and remove carcinomatous tumors of the intrathoracic part of the 
esophagus which hitherto had been impossible of approach In the 
beginning, the complicated apparatus stood in the way of populanzing 
the method, and only a few larger institutions were fortunate enough 
to be able to provide themselves with this costly diffeiential pressuie 
chamber It has been my good fortune to be connected with an institu- 
tion, the Lenox Hill Hospital (formerly German Hospital) m New 
York, which was the first m this country to erect a Sauerbruch chamber, 
as a result of the untiring efforts and enthusiasm of one of our members, 
Dr Willy Meyer 

In the course of years, the method of using differential pressure 
has become materially simplified by the introduction of the Meltzer- 
Auer mtralaryngeal and mtrapharyngeal inflation and other positne 
pressure apparatus, such as those of Tiegel, Brauer and others These 
simplified apparatus hay e brought the possibility of attacking the intra- 
thoracic organs within the reach of every surgeon who is interested m 
the work 

After Sauerbruch’s first publication, enthusiasm rose high, and an 
enormous amount of experimental work on animals was done, followed 
by trials of the methods on the human being Unfortunately, the ulti- 
mate lesults of these operations on the human being did not keep pace 
v ith the results of experimental work on animals Tins, of course, had 
a subduing influence on the enthusiasm of a good many workers in 
this difficult and complicated field, and at the Thirty-Ninth Congress 
of the German Surgical Society. Kuttner said that, on account of the 
bad results which he had had, he had gnen up the operative treatment 
of carcinoma of the intrathoracic portion of the esophagus 

Hovecer, in our institution, a few men kept the light of enthusiasm 
burning in spite of disappointment after disappointment, until Torek, 
be his brilliant operation in 1913 which culminated in a lasting cure of 
carcinoma of the thoracic portion of the esophagus in a woman, proced 
bejond doubt the feasibility of transpleural esophagectomy Up to the 

t Read before the \nicncm Association for Thoracic Sttrgcn \\ nslniigton 
D c \pril 20 1922 
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year 1914, intense and ingenious work had been done in this field Then 
the unfortunate catastrophe of the World War came, and with it our 
subject almost entirely disappeared from the surgical literature in 
Germany, and for that matter in Europe 

Carcinoma of the esophagus is no longer a disease with 100 per cent, 
mortality, as it was heretofore This fact stands out irrefutably, and 
beckons and pleads with us not to fold our hands and withhold from 
these unfortunate patients a possible chance of cure, however slim it 
may be m the individual case 

Many years before we knew how to avoid a fatal pneumothorax and 
before it dawned on us to attack the thoracic esophagus transpleurally, 
surgeons tried to reach the esophagus, in cases of injury or the presence 
of a foreign body, through the posterior, and even anterior, mediastinum, 
without opening the pleura The first surgeon to work out a method 
of approach to the esophagus through the posterior mediastinum was a 
Russian by the name of Nasilofif 

The patient lies on the abdomen , the left arm is pulled upward 
A hand’s breadth from the vertebral column and parallel to it, an 
incision is made through the skin and musculature down to the ribs At 
each end of this incision, a horizontal incision is made, which ends at 
the vertebial column This quadrilateral flap is dissected up from the 
underlying ribs If the operator wishes to reach the upper portion of 
the thoracic esophagus, this flap is made high on the left side, and 
pieces of the third to the sixth rib are resected In case he wishes to 
reach the lower thoracic portion of the esophagus, the flap is made over 
the right and lower portion of the back, and pieces of the lower ribs are 
lemoved After careful and double ligation of the intercostal arteries, 
the costal pleura is carefully pushed away from the ribs He then 
enters the posterior mediastinum without opening the pleura In this 
way, the aorta and the esophagus are reached with anatomic forceps 
or a grooved director , the esophagus is freed from the loose connective 
tissue which surrounds it, and it is then pulled out of the wound by a 
Langenbeck’s resection hook 

This procedure has been employed by a number of surgeons 1 who, 
to suit their special cases, have more or less changed or improved it. 
Milton's method, described by Enderlen, 2 is interesting He made a 
long incision from the thyroid cartilage to the ensiform process and 
dnided the sternum in its long axis By pulling the separated halves of 
the sternum apart, he gamed a space from 5 to 6 cm in width Through 

1 Qiienu Hartman Potarca Bnant Rehn, Lew, \on Hacker, L Heiden- 
Imn and Bouncnne 

- Enderlen Em Beitrag 7ur Chirurgie des hinteren Mediastinums, Deutscli 
ZKclir l Clur 61. 
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it, he asserts that he was able to reach the anterior and posterior 
mediastinum Milton used this method m the removal of tuberculous 
glands from the anterior mediastinum The patient recovered from 
the operation 

Enderlen, 2 who has carefully studied and critically reviewed these 
different methods, lecommends the following operation as the best 
approach to the esophagus through the posterior mediastinum 

A rectangular skin flap is formed, reaching from the third to the ninth thoracic 
vertebra, with its base toward the vertebral column, its outer edge close to the 
median border of the scapula The soft parts are severed down to the ribs, 
and the flap is reflected Subperiosteal resection of a piece of the eighth rib, 
10 cm m length, is performed Subperiosteal resection of the eighth rib is the 
most difficult part of the operation After this has been done, it is comparatively 
easy to lift the next higher rib away from the pleura and cut it With some 
practice, one can thus reflect a flap containing the ribs from the eighth to the 
fourth, including the intercostal muscles, without opening the pleura It is best 
to remove this whole flap, as its reposition is an unnecessary, complicating 
procedure The pleura costahs is then carefully stripped off ventrally, and 
toward the spinal column One has to be careful not to lift off the sympathetic 
trunk with the pleura, although Rehn believes this danger is remote As soon 
as one has reached the anterior surface of the vertebral column, insertion of 
an esophageal bougie is recommended in order to facilitate recognition of the 
organ 

Enderlen states, and Sauerbruch is of the same opinion, that the next 
procedure, the dissection of the esophagus from its bed without injury 
to its walls, cannot be done Its muscular coat is easily injured, and 
even both coats are easily torn It is, however, possible by this method 
of approach to close a longitudinal wound m the esophagus by suture 
as Rehm 3 has demonstrated Enderlen believes it impossible to resect 
the esophagus m its entirety and to restore this lumen by a circular 
suture Complete isolation of the esophagus and drawing it sufficienth 
out of the wound, he considers impossible By this maneuver, the 
nutrient vessels would he injured to such an extent that a necrosis of 
their walls must ensue That this opinion is not founded on actual 
clinical facts was later pro\ed b) Zaaijer 4 of Leiden 

In a case of a large diverticulum, the esophagus was completeh 
isolated, two of its arteries were tied, and the esophagus was brought 
foiward and sutured to the edges of the thorax w'ound His operation 
proved that it is possible to isolate the esophagus to a great extent 
without grave disturbances of its circulation and subsequent danger of 
secondan necrosis Tins demonstration of Zaaijer s has become of 
fundamental importance in the later developments of resection of till" 
organ 

3 Rehm Operational an dem Brustabschnitt der Speiserohre, Web > 
Kim Chir 57 733 1SSS 

4 Zvujcr Oc^optnerostomn Thorakali^ Bear z klm Cinr 77. 
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Results with the posterior approach through the posterior medi- 
astinum having been poor, this method was abandoned Von Mikulicz 
was the first to try to reach the esophagus from m front This 
necessitated a broad approach through the thorax, which could only be 
accomplished under some form of artificial respiration He tried the 
method in attempting a resection of the tumor m three patients with 
carcinoma of the esophagus 

Dobromissloff, 5 6 m Tomsk, later tried, in a similar fashion, to extir- 
pate the esophagus He operated on dogs Under ether narcosis, a 
tracheotomy is performed, and artificial respiration established by 
means of an electromotor A large flap, from 10 to 15 cm long, is 
made of the thickness of the entire left thorax wall, from the sixth 
to the tenth rib, with the pedicle toward the back, within from 2 to 
3 cm of the spinous processes The flap is reflected backward, and 
the intercostal vessels are tied The pleura over the esophagus is 
incised, from the root of the lung down to the diaphragm The vagus 
is severed Blunt dissection of the esophagus is accomplished, usually 
accompanied by very little bleeding A piece, about 3 5 to 4 cm long, 
is excised, and the two ends are reunited by an end-to-end silk suture 
m two rows , from 1 to 1 5 cm of the muscularis being taken up by 
the suture which does not penetrate the mucosa This is followed by 
leposition of the thorax flap, suture of the intercostal spaces, muscu- 
lature and skin Air which had entered the thorax during operation 
is aspirated, after which artificial respiration is discontinued 

Dobromissloff reports a case in which a dog died three weeks after 
opeiation from overdistention of the stomach with food At necropsy 
it was shown that the suture of the esophagus was well healed and 
intact, with a slight dilatation above Experiments on the human 
cattener convinced him of the feasibility of the operation, and he 
i ecommended its trial m suitable cases It seems, however, that no 
other surgeon followed his suggestion, at least the report of no such 
operation has appeared m the literature Sauerbruch has performed 
tlnity experimental resections of the esophagus under artificial respira- 
tion w ith (he same bad results, for which he mainly blames the artificial 
l espu ation 

prenention or pneumothorax 

The difficulties with which the surgeon is confronted are many and 
great The greatest problem, the prevention of pneumothorax, has 
been o\ercome b\ the employment of differential pressure m some 

5 Von Mikulicz Em Tall \on Resektion des Carcmomatosen Oesophagus 
nut phrnscliem Ersatz des excidirten Stuckes Prag med Wchnschr 11 93, 1886 

6 DoIiromisslofT Em fall \on transpleuraler Oesophagotomie ini Brustab- 
‘alinuttc d Spusirohre Zentrallil { Chir 1901 p 1 
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form either negative or positive The great controversy concerning the 
relative merits of plus or minus pressure has subsided, and it has been 
proved that there exists no difference m the two procedures In fact, 
positive pressure, which for Sauerbruch and his followers has been 
anathema, has practically superseded negative pressure on account of 
the ease with which it can be employed The greatest bugbeai was 
to find a method of reconstructing the lumen of the esophagus b) 
suture Although it was demonstrated by experiments on dogs not onl} 
that a suture of the esophagus was feasible, but also that a perfect 
union without interference with deglutition could be obtained, it was 
also shown that m the human being suture of the esophagus invariably 
resulted m disaster There are various anatomic reasons for this The 
esophagus, which is only a thick, muscular tube, consisting of a musculai 
and a mucous coat, has no serosa like that of the intestine, which 
quickly agglutinates and forms adhesions The' mucous coat is rather 
tough and well adapted to suturing, the muscular coat, however, is 
very easily torn and the sutures cut through easily Although it is 
possible to stretch the tube to such an extent that even a gap of from 
7 to 10 cm can be bridged over, the tension is so great that the sutures 
do not hold Even if very much smaller pieces are resected and 
brought together and sutured, the tension from vomiting and retching 
becomes so great that the sutures tear through 

A good deal of ingenuity has been used to obviate this danger 
Biondi, as early as 1896, published a method of resection of the mtra- 
thoracic portion of the esophagus which later became a most important 
cornerstone m the development of esophageal surgery He opened the 
left pleura wide, incised the left side of the diaphragm, pulled a portion 
of the stomach into the pleural cavity, resected a piece of the esophagus, 
closed the lower stump, and made an anastomosis of the oral stump 
of the esophagus with the stomach Mikulicz in February, 1904, 
resected 4 cm of the lower part of the esophagus in a dog and made 
an end-to-end anastomosis By mobilizing the esophagus in the hiatus 
of the diaphragm, he transposed the lower end, with the suture line, 
into the abdomen and stitched the diaphragm to the esophageal wall 
above the anastomosis This experiment was successful The dog 
lned for six weeks and died of a subsequent enteritis Necropsj 
re\ealed no pneumothorax, no empyema, slight adhesions of the lover 
lobe of the left lung to the diaphragm, slight stenosis at the site of 
suture and adhesions of the suture line to the stomach and duodenum 
\nschutz demonstrated that a part of the stomach can be trans- 
ferred into the thoracic ca\it\ by pulling it through the hiatus of the 
diaphragm without interfering with respiration or the function of the 
diaphragm or of the stomach itself Sauerbruch therefore, tried to 
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bridge the gap m the esophagus by pulling the stomach upward But 
all of his experiments, performed to obtain a good result either by 
suture of the esophageal stumps, or by closure of the lower end of the 
esophagus by inversion into the stomach and implantation of the upper 
end of the esophagus into the stomach, were more or less failures He 
finally gave up the suture entirely and made the anastomosis between the 
stomach and esophagus by means of a button He states that after 
mastering the technic he very rarely lost a dog after such an operation 
Avoiding tension by transposing the stomach into the thoracic cavity, 
and discarding the suture, he believes, was a distinct advance After 
the operation, a thorough cleansing of the thoracic cavity with 
physiologic sodium chlorid solution and the use of Lugol’s solution to 
create early adhesions of the parts were recommended by him 

VTiether this method of transposition of the stomach into the pleural 
cavity is really of no significance to the animal is questionable, and 
Levy is justified in doubting the advocacy of the procedure Sauer- 
bruch himself reports the sudden death of two animals, several days 
after the operation, from a diaphragmatic hernia of the stomach, the 
latter organ complete^ filling the left pleural cavity Omi and 
Karasawa, 7 in their experiments on transposition of the stomach, lost 
two dogs immediately after incision of the diaphragm Another animal 
died of a jmlmonary disease, two others developed diaphragmatic 
hernias, in consequence of which one died five days after operation 
The whole stomach, spleen and large omentum were lying m the pleural 
cavity The other animal was fairly well and vomited only after over- 
feeding It was killed one hundred and thirty-five days after operation 
Necropsy revealed a rent, 3 cm long, in the left part of the diaphragm 
In the left pleural cavity were found the whole stomach, with the 
spleen, a loop of small intestine, the transverse colon and the greater 
omentum 

Freund * had about the same experience Of six dogs operated on, 
only two lived One died four months after operation of distemper, 
the other died six months after operation of an acute pancreatitis In 
the first animal the whole stomach was found m the pleura, and, m 
the second dog, a large part of the greater omentum and the spleen 

After the publications of von Mikulicz, Sauerbruch and Anschutz, 
on their experimental work a great mam other surgeons tried to sohe 
the problem of suture of the esophagus I shall mention only Green 
Janev a\ and Mill} Meyer, in this country, who ha\e all tried, b} 

~ Oim and Karasawa Beitrag zur Chirurgie der Speiserohre Deutscli 
Ztscbr f Clnr 124 574 2913 

S Freund Expcrimenteller Beitrag zur Querresektion des Oesophagus, 
Beitr z him Clnr 88 423 1914 
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ingenious modifications to work out a secure anastomosis between 
esophagus and stomach or between the two stumps of the esophagus 
All their endeavors were failures The use of a button for intestinal 
anastomosis, or its modifications, by Tiegel gave no more encouraging 
results 

After all these failures to establish a firm suture, Levy 9 came to the 
conclusion that m order to gam any headway m the operation for 
carcinoma of the esophagus, the whole esophagus, from the cardia to its 
cervical portion, should be removed As far back as 1898, Levy had 
done a large amount of expeumental work on operations for the 
removal of carcinoma of the esophagus For many years, curious to 
say, his work was little known to the profession, at least, it seems to 
have attracted little attention He operated on dogs, m which he first 
established a gastrostomy Thereupon, he opened the esophagus at the 
neck and inserted a stomach tube, armed with a silk thread, 1 5 meters 
long This tube was pushed down into the stomach until it could be 
pulled out through the gastrostomy opening The thread was secured, 
and the stomach tube withdrawn The thread was now lymg inside the 
esophagus The esophagus was then severed in the cervical region, and 
the upper aboral end of the esophagus was closed with the thread By 
carefully pulling on the lower end of the thread which projected from 
the gastrostomy opening, he was able to invert the whole esophagus, 
pull it out through the stomach, and resect it outside Levy tried this 
procedure on human cadavers, but came to the conclusion that it was 
not feasible m man He says, “If you try to pull down the esophagus 
thiough a stomach fistula, you remove a tube which, in the cervical por- 
tion and a little further down, contains all layers of the esophagus 
The largest part of the tube, however, consists only of mucous mem- 
brane and a more or less complete layer of ring-musculature, whereas 
the longitudinal muscle fibers are left behind ” 

Kelhng, 10 in 1902, worked out a combined method of intrathoracic 
and abdominal lesection of the lower part of the esophagus m which 
the whole esophagus was removed from the thorax and pulled out 
through a wound m the neck He mobilizes the tumor by opening the 
thorax under artificial respiration After this has been accomplished 
the thorax is closed The abdominal cavitj is then opened, the 
esophagus mobilized at the hiatus of the diaphragm and cut through 
A wooden c\hndric plug is then inserted into its lumen, and a rubber 
fingei-cot pulled over it to prevent leakage from the esophagus with 
the subsequent danger of mediastinal infection The esophagus is then 

9 Lew Vercuche uber die Resckhon der Speiserobre \rcb f hhn Chir 
56 819 1898 

10 Kellimr 


Ztntralbl f Clnr 1502 
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m\ agmated by means of a string and pulled up into the neck Here 
an incision is made and the esophagus pulled out through the neck 
wound Nutrition is kept up by gastrostomy feeding This method of 
removing the entire esophagus from the thorax has become an important 
principle in the development of the operation of resection for carcinoma 
Kelhng himself has not followed this idea because he deemed the pro- 
cedure too dangerous and too complicated to be tried on the human 
being Kuttner and Schneider also advocated the removal of the whole 
esophagus and advised closing the oral end This procedure, howerer, 
is unpractical, as the closed end of the esophagus invariably leaks 

Kuttner succeeded m removing a carcinoma of the upper thoiacic 
portion of the neck by mobilizing the cervical and upper thoracic por- 
tions of the esophagus through an incision in the neck He was able 
to puli the esophagus with the tumor out of the cervical wound and 
resect the tumor outside the body 

In 1912, Ash, independently and without the knowledge of Levy’s 
work, succeeded m working out an ingenious method of extracting the 
whole esophagus, which he finally used m a case of carcinoma of the 
cardia which had extended upward into the mtrathoracic part of the 
esophagus and downward to the stomach The patient made an unevent- 
ful opeiative recovery, but, unfortunately, died of inanition m conse- 
quence of insufficiency of the gastric fistula His patient is one of the 
few that lecuperated fully after the operation His procedure ivas 
as follows 

The patient was turned partly on his right side A. large curved incision 
was made along the left costal border, starting at the ensiform process and 
extending backward The rectus, obliquus externus and internus muscles 
were se\ered The muscles were widely separated especially posteriori), 
in order that the left costal arch might be lifted upward After careful 
hemostasis the transversahs muscle and fascia were severed, and the peritoneal 
cawti entered The left lobe of the liver was pushed o\er to the right, and 
the left costal arch lifted upward This maneuver exposed the whole stomach 
and the cardia beautifully The upper part of the stomach was invoked b\ a 
large tumor, which seemed to have started at the cardia and extended over 
to the stomach At the hiatus, the tumor could be distinctly felt invoh mg the 
lower portion of the esophagus in a circular manner The upper margin of 
the tumor could not he palpated through the diaphragm As it seemed possible 
to remo\ e the tumor the abdominal ca\it\ was temporarily tamponed The 
cerucal portion of the esophagus was then exposed by an incision, S cm long 
along the inner border of the sternocleidomastoid muscle It was mobilwed b> 
blunt dissection, care being taken not to injure either recurrent ner\e or the 
inferior tlnroid artcr) Preiumnan packing of the wound in the neck followed 
The patient was then put under differential pressure Operation was continued 
from the abdomen The tumor was pulled down a little, and the peritoneum 
was incised on the anterior surface near the hiatus This incision was carried 
over to the serosa of the cardiac portion The finger was then inserted into the 
hiatus and the tumor was blunth mobilised from the muscular portions of the 



264 


ARCHIVES OF SURGERY 


diaphragm, bv working upward into the mediastinum with the finger It was 
behered that the tumor surrounded the lower part of the thoracic portion of the 
esophagus to a distance of ah out 5 cm After insertion of a Langenbech hook 
into the hiatus, it was seen that the left vagus nerve was firmly embedded m 
the carcinomatous tumor In trying to isolate the tumor on the right and kit 
sides, both pleural cavities were opened 

On further mobilization of the tumor, posteriorly, the right vagus ner\e was 
also found implicated m the disease process In consequence of the manipu- 
lations necessary for the isolation of the esophagus and vagus, the pulse dropped 
to 44 per minute and became slightly irregular In order to avoid further irrita- 
tion of the vagi, both were cut through with scissors No reaction on the part 
of the heart was noticed The esophagus was clamped, 2 cm above the tumor 
and a ligature, about 1 meter long, was tied around the esophagus unmediateh 
above the clamp The ends of this ligature u^ere left long The esophagus was 
pulled down farther, another clamp xvas placed immediately above the tumor, 
and the esophagus was divided between these two clamps The upper stump of 
the esophagus was carefully wiped clean, and the lower stump, after the 
omentum minus and the left gastric artery had been tied, w j as displaced down- 
ward The narcotizer then introduced into the esophagus a long flexible steel 
rod with an eye at its end As soon as the steel rod was introduced, the 
operator grasped the lower end of the esophagus with his thumb and index 
hnger therebv being able to feel the rod distinctly through the walls of the 
esophagus A suture was then passed through the -wall of the esophagus and 
through the eye in the steel rod This suture was left about 12 cm long By 
carefully withdrawing the steel rod from the esophagus, the walls of the 
esophagus were inverted, and the whole tube extracted until the lover eso- 
phageal stump appeared in the mouth of the patient A small gauze compress 
was inserted into the mediastinum Through the wound m the neck, one could 
see how the esophagus glided upward The moment the lower mvagmated end 
appeared directly above the jugulum, extraction was stopped The long ligature 
which projected from the mvagmated funnel was secured, and the fixation 
thread of the steel rod cut by the narcotizer By pulling on the long ligation 
thread which projected from the neck, the mvagmated portion was again disin- 
\agmated through the neck wound The skin over the sternum was undermined, 
an incision was made into the skin lower down and the esophagus pulled 
through this tunnel, and its lower end brought out of the skm wound so that 
it projected for about 2 5 cm Tension on the esophagus was carefully a\oided 
\ rubber tube was tied into the esophageal stump, and the wound m the neck 
was carefully closed, there being danger of pneumothorax The tampon was 
then remoied from the mediastinum, and there was practically no hemorrhage 
The hiatus of the esophagus tvas closed by a running suture and buried, a 
second row of sutures catching up the peritoneum and a little of the muscular 
wall of the diaphragm to make the closure air-tight This finished the remoial 
of the esophagus The tumor of the stomach was then resected, the stomach 
wound closed and a gastrostorm established The operation required one hour 
and twent\-h\c minutes 

Ach is of the opinion that his method can be success full) emplo) ed 
m carcinoma of the cardia and of the lower end of the esophagus up 
to S cm abote the diaphragm Tumors which imolve the upper 
thoracic portions, in the neighborhood of the bifurcation, must be 
attacked b\ an endothoracic operation, with a preliminary gastrostorm 
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Rehn 11 repeated the method of extraction of the esophagus b> 
imagination, after Ach In two of his animals, there was a large 
hemorrhage into the mediastinum In order to avoid this, he tried to 
mvagmate only the mucous membrane of the esophageal tube, m which 
he easily succeeded He tried the same method on the human being, 
bower er, without success, as the mucous membrane m man is not 
lesistant enough In his operations on human beings, he mvaginated the 
esophagus m toto, downward and upward, and made the same obserr a- 
tion as Levy, that m invagination downward, the outer longitudinal 
muscular coat stays behind Contrary to Levy, horverer, he considers 
this a great advantage because it does away with the danger of 
med’astmal hemorrhage 

Since the advent of differential pressure, all of our endeavors to 
resect a tumor of the esophagus have been by the transpleural method 
Although the advantage, so far as a good approach to the organ and 
ease m working are concerned, was great, the operation with its attend- 
ing shock was so formidable that results were poor The pleura is verr 
sensitire to infections, and the irritation of the membrane during the 
long manipulations in the thoracic cavity produce powerful reflexes 
To this is added the trauma to the lungs and their long exposure, which 
are weighty factors in the production of postoperative pneumonia The 
complication of secondary pneumothorax as a result of the suture line 
not being air-tight is also a danger, although less great It is undoubt- 
edly true that, m great part, failures can be attributed to the following 
causes infection of the pleura with consequent empyema, pyopneumo- 
thorax, pneumonia and postoperative shock The last, however, can 
be successfully oveicome, as numerous cases of my own and of others 
have shown A good many patients have lived several dajs after the 
operation, and hare finally succumbed to infection A patient m whom 
thoiacotomy has been performed, with exploration and closure of the 
tlioiax wounds, usually makes a good operative recovery, and then dies, 
many months later, of the disease itself Air-tight drainage of the 
pleural car lty is demanded by many surgeons of experience, as Kuttner 
Willy Meyer, Tiegel and Mikulicz Sauerbruch does not advise drain- 
age, because he belier es it hurts more than it helps Torek’s successful 
case rvas not drained Rehn also recommends drainage in cases m 
winch, dm mg the operation, no direct infection has occurred, because 
the pleura reacts, m every case, with a fluid exudate which accumulates 
r err quicklr On the other hand, drainage of the thoracic car itr is not 
iriele\ant as the drainage tube is a source of continued irritation and 
means a constant communication with the outside Although we now 

H Rehn Edward Oesophagus-Clururgie Jena G HsUier 1914 
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have a number of air-tight drainage methods, they must all still be 
considered a disadvantage m intrapleural operations 

It is not surprising, therefore, that lately a number of surgeons 
have returned to extrapleural operations in carcinoma of the esophagus 
Among them are Kummel, 12 Rehn, Levy 13 and, m this country, lately , 
Lilienthal 14 Kummel has operated on eighteen patients with carcinoma 
of the esophagus In nine cases, it involved the cardia, and, m nine 
cases, the thoracic portion of the organ In consequence of theoretical 
consideration and experiments on the cadaver, he prefers the abdominal 
route for carcinoma of the cardia He mobilizes the cardia m the hiatus, 
and the lower part of the esophagus as high up as possible, by blunt 
dissection with the fingei The cardia and the lower end of the esoph- 
agus were pulled down as far as possible, and the esophagus diwded 
between clamps After resection of the tumor, he tried to make an 
anastomosis between the esophagus and stomach Undei favorable 
conditions, he succeeded in pulling down 12 cm of the esophagus, and 
on the cadaver, even 14 cm His results, however, were not very 
encouraging on account of the insecurity of the suture He had one 
operative success m a man who died one year later from metastases 
In seven cases, the carcinoma was located in the thoracic portion, from 
22 to 38 cm from the teeth According to the location of the tumor, 
operation is performed from the neck or by' a large trap-door flap 
incision in the back, with resection of a number of ribs on the right 
or the left side of the vertebral column In one case he mobilized the 
esophagus with the tumor and placed it outside the chest, sliding a skin 
flap under it with the idea of performing a plastic operation later In 
cases of high mtrathoracic carcinoma, he prefers the dorsal method, 
and, if possible, performed extrapleural ly An identical method was 
used in a patient operated on lately by Lilienthal, with a beautiful 
operative success 

Kummel, who has continued to work steadily on our problems, has 
lately published a method m which the entire esophagus is remoted 
without opening the pleural cavity^ widely The removed esophagus is 
replaced by the stomach, which is displaced from the abdominal cavity 
into the posterior mediastinum The anastomosis between the esoph- 
agus and the stomach is made m the neck In carcinoma of the cardia, 
he now proceeds as follows The abdominal cawty is opened in the 

12 Hauch Ueber unsere Rachkaloperationen beim Karnnom der Spcise- 
rohre in lhrem thorakalen und abdormnalen -\bschmtt, Beitr 7 klin Chir 92 
121 1914 

13 Le\\ Weitere Beitrage zur Resektion der Speiserohre, Vrcb l" him 
Chtr 119 , p 20 

14 Lilienthal, Howard Carcinoma of the Thoracic Oesophagus L\tra- 
plcural Resection and Plastic %in Surg 74 259 (Sept ) 1921 
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median line Marwedel’s reflection of the costal border is rarely 
necessary The cardia and the adjacent lower portion of the esophagus 
are mobilized, and the stomach is mobilized after the method of 
Kirschner 15 An incision is made into the neck, and mobilization of the 
cervical and upper thoracic portions of the esophagus is accomplished 
by careful dissection with the finger In a short thorax, he succeeded, 
in a relatively easy manner, by working with one hand m the neck and 
the other in the abdomen, in mobilizing the whole length of the esoph- 
agus in the posterior mediastinum If the entire organ is not dissected 
loose by the method described, the last strands of tissue that hold the 
esophagus can easily be torn by a gentle pull Then the esophagus and 
the mobilized stomach are pulled upward until the tumor projects through 
the neck wound, the stomach following The new esophagus is formed 
by the stomach 1} ing in the posterior mediastinum A possible tear m 
the pleura is tamponed by the stomach and has no bad effect, as the 
opeiation is, of course, performed under differential pressure The 
tumor is then resected and the stomach is anastomosed with the stump 
of the esophagus by suture or invagination outside the body Kirschner’s 
transposition of the stomach, replacing the esophagus and thereby 
changing the stomach into a functioning esophagus, means a great 
progress in the surgery of this organ The great drawback heretofore 
was the anastomosis of the lower end of the esophagus and the jejunum, 
as originally advocated by Kirschner The method as above described 
by Kummel obviates this defect m Kirschner’s procedure 

In cases m which the carcinoma is situated high m the thorax, 
Kummel prefers, as do Rehn and others, the extrapleural dorsal 
approach If the tumor proves operable, it is mobilized extrapleurally, 
downward and upward After opening the abdomen, the stomach is 
mobilized according to Kirschner At the same time, another operator 
dissects the esophagus m the neck , and the esophagus with the stomach 
is then pulled upward and out of the neck wound, the tumor resected, 
and the stomach and esophagus united Closure of the abdomen and 
thorax is accomplished In this fashion, any infection of the pleural 
cavitv is avoided, and with it one great danger of these operations 

Kummel has tried this method m many experiments on the cadarer 
and on animals He also found it comparative!) easy m one case in 
the human being, m which he performed it successfully and on which 
he promises a detailed report m the near future 

The whole operation seems to be a \erj bold procedure I cannot 
help asking whether the complete transposition of the stomach into the 
posterior mediastinum can be borne without interfering with the fnnc- 

15 kirschner Hin neues Verfahren der Oesopha"op1astih Arch f him 
Clnr 114 606 1920 
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tion of the heart and lungs when the stomach is dilated bj the ingestion 
of food and by gas formation, thereby exerting pressure on the thoracic 
viscera These, of course, are only theoretical doubts and scruples and 
cannot stand m the face of practical experience However, m the light 
of our experience with the transposition of the stomach into the pleural 
cavity, there is a certain justification in raising such doubts It maj 
be that the stomach, placed extrapleurally m the mediastinum, belies 
better than m the open pleural cavity 

Levy, m a late paper, also advocates the dorsal approach if possible, 
extrapleurally In order to secure the necessary room, he removed the 
fourth to the tenth ribs from the angle to the costal cartilage, as Zaaijer 
recommended He also describes a complicated extrapleural esoph- 
ageal plastic operation 

SUMMARY 

Surgery of the esophagus has passed through a long cycle of develop- 
ment, in which several distinct stages can be discerned ( 1 ) extrapleural 
dorsal approach, with endeavors to reconstruct the lumen by suture, 
(2) transpleural approach under differential pressure, with an attempt 
to restore the tube, with or without transposition of the stomach, b} 
suture or buttons of various types, (3) transpleural removal of the 
whole esophagus, placing the stump outside, fiom an incision in the 
neck and later reconstruction of the esophagus by a plastic operation 
according to the methods of Roux, Wullstem, Lexer, Hirsch, Jianu 
and others, (4) extrapleural removal of the entire esophagus b) 
lm agination (Ash, Rehn), by a combined method from the abdomen 
and the neck, (5) extrapleural removal by a combined method from 
the abdomen and neck, or from the abdomen, neck and back, with 
transposition of the stomach into the posterior mediastinum 

In 1895, Postemski summed up his conclusions about the indications 
for operations for carcinoma of the esophagus as follows “There are 
operations which should not be tried, even on the animal, because failure 
is certain, and because they can never be applied to the human subject 
(II ) a des operations qu’ on ne doit pas essayer, meme chez animaux, 
parce que l’msucces est certain, et que l’apphcation ne pourra jamais 
etre faite chez l’homme ) Eighteen }ears have gone by since he uttered 
these hopeless words Are the} still true today 7 

\\ e poor mortals must not make prophesies, but looking backw ard 
and scrutinizing our work, we are surely justified in taking a more 
hopeful attitude It is true our results of today are not such that we 
should be boastful about them So far, onl} in cases of carcinoma of 
the cardiac portion of the esophagus has the patient recuperated from 
the operation and lned These cases were reported by Yoelker, Bircher 
and Kummel Of carcinomas of the mtrathoracic portion onh the 
patient of Torek who is still alive and well after nine }ears, and that 
of Zaaijer ha\e made full reco\ene^ In 1921. Lilienthal of New ^ ork 
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published the report of a case m which he succeeded m removing a 
carcinoma of the mtrathoracic poition of the esophagus and restoring 
the lumen by a skin-flap plastic operation, by his posterior method The 
patient later developed a recurrence and died However, the dogged 
tenacity with which we have taken hold of this difficult problem bears 
the seed of ultimate success Let us not tire, and I am sure that not 
many years from now many cures will have been accomplished m a 
disease that was beyond help and hope 
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POSTERIOR MEDIASTINOTOMY 


HOWARD LILIENTHAL, MD 

NEW YORK 

Extrapleural posterior mediastmotomy is an operation which probably 
has a suigical value far greater than has been generally supposed By 
the methods which I have worked out, the exposure is so complete 
that not only the posterior but also the middle and superior divisions 
of the mediastinum can be reached with facility and with compaiatne 
safety The thoracic esophagus can be exposed, and operations on the 
portion between the lower limits of the aortic arch and the opening in 
the diaphragm can be safely performed in suitable cases, and, by 
enlarging the hiatus, it is not unlikely that the caidia may be diawn 
up within the retropleural space 

Suppurative infection of the mediastinum can be treated by drain- 
age , enlarged lymph nodes and new growths can be reached , the bodies 
ot the vertebrae can be exposed for operative procedures, the entne 
thoracic aorta can be examined visually, and, m certain not too advanced 
cases of aneurysm of this vessel, one can easily conceive of the carry- 
ing out of operative procedures hitherto considered too difficult for 
practice I suggest, for example, the winding of not too extensive 
fusiform aneurysms of the descending portion of the aorta below the 
arch with fascia lata strips 

The phrenic nerves, the vagi, the left recurrent laryngeal nerves and 
the great splanchnics are within easy sight and touch No doubt, 
pressure symptoms on one or another of these important structures 
will, m the future, be relieved by operation Possibly, even tumors 
springing from the sympathetic system, such as the ganglion neuromas, 
may be attacked by this route instead of transpleurally Finally, obstruct- 
ing pressure on the thoracic duct may be relieved, or injuries to tins 
important structure repaired 

The pericardium can be approached from behind, and procedures 
on this remote part can be carried out without dislocating the heart 

Until the present time, mediastmotomy has been a most unusual 
operation In the near future, it will become comparatively common 
The development of the surgerj of this region will present a fascinating 
series of problems m physiology m pathology, m diagnosis, including 
roentgenology, in operatne technic, in drainage and m the healing of 
wounds As our experience enlarges, timiditj will gne place to con- 
fidence and gradually our brothers who practice internal medicine will 

x Reid before the American Association for Thoracic Surgerj, Washington 
D C April 29, 1922 
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send us their patients, not as a last resort, but in the reasonable hope 
that we may accomplish something for them 

Until 1921, there were described only two methods of entering and 
exploring the posterior mediastinum without deliberately violating the 
pleura first, that of Nasiloff, 1 who lesected a number of ribs posteriorly 
and reached the mediastinum through this opening, second, that of 
Bryant, who made a trap-door of ribs and soft parts, swinging on 
a sagittal hinge and exposing a quadrilateral opening with rigid 
sides and a definitely limited area, and later Enderlen 2 made a 
similar trap-dooi but resected the ribs What little retraction was 
possible m these operations depended on the spring of the anterior 
portion of the divided ribs on their cartilages while the upper and lower 
undivided ribs acted as a bar to the lateral spreading of the wound 
Also, m gaining access to the posterior mediastinal space, the scapula 
would have to be dissected away and ribs resected beneath it 

author’s technic 

The principle on which this approach depends is that of the retrac- 
tion of the divided ribs at right angles to their long direction, shingling 
them, one upon the other, thus making the deep exposure from below 
upward, the extent of available space being determined by the length of 
the wound, especially that portion which divides the intercostal extra- 
pleural structures 

Picpcuahon — In addition to the general examination of the patient 
m order to determine his fitness to withstand an operation, the blood 
pressure should be ascertained, and, if the systolic is lower than 125, 
digitalis should be administered for the twenty-four hours before 
operating A tincture of standard potency m doses of from 15 to 30 
minims, every four hours, should accomplish digitalization m a day 

Position on the Table — The patient should he on the right side, 
but turned about 30 degrees toward the front so as to bring the field 
of operation into the most convenient position for the surgeon The 
thighs should be flexed and held by straps passed under the table The 
right arm may be slightly behind the patient, the left arm drawn 
forward and a little upward The position of the body must be main- 
tained by means of large sand pillows A pillow or the bridge of the 
operating table will raise the body into the position of a moderate 
scoliosis 

Anesthesia — Ether or nitrous oxid and oxygen, or a combination or 
sequence of two or more, when skilfully administered will give a 

1 Nasiloff Vrach 9 481, 1888 

2 Enderlen Em Beitrag zur Chirurgie des hmteren Mediastinum, Deutsch 
Ztschr { Clnr 61 441, 1901 Enderlen Hotz and Porzelt Beitrage zur 
Chirurgie des Oesophagus, Ztschr f d ges e\per Med 3 108, 1914 
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quiet, safe narcosis, though I have fully exposed the mediastinum with 
local anesthesia without the slightest expression of pain by the patient 
until the sensitive nervi vasorum of the aortic sheath weie manipulated 
It a general anesthetic is used, preparations must be made for the 
immediate application of differential pressure, for there is danger that 
both sides of the chest may be opened when stripping the pleura 
forward At the level of the eighth and ninth dorsal vertebrae, the 
light pleura often sends a fold across the median line for an inch or 
more into the left chest, and, if the left pleura has been accidentally 
torn and the right is also opened, death will quickly follow unless there 
is positive pressure m the air passages or negative pressure at the 
wound If neither pleural sac is injured, ordinary inhalation narcosis 
is all that is necessary 

Operative Pi ocedui e in Loza Postei tor M ediastinotomy — An incision 
is made on the ninth rib, beginning 7 or 8 inches (177 or 20 cm) 
from the spine and running backward along the rib to the edge of the 
long spinal muscles, then curving upward, parallel with the spine foi 
four or five interspaces The ninth rib is resected subperiosteal ly as 
far as the wound will permit, beginning just anterior to the angle But 
the mere reaching of the posterior mediastinal space can be accomplished 
with a much shorter resection, or possibly even by merely dividing the 
rib The normal pleura is extremely thin and will tear unless the 
greatest care is exercised When the resection is complete, the finger 
is inserted slowly between the posterior unresected part of the rib and 
its periosteum, peeling this membrane and the pleura forward, away 
from the posterior chest wall In this region, the attachment of the 
pleuia to the panetes is much less intimate than it is more anteriorly, 
so the stripping is easier Soon the pleura will be found to have 
separated from the eighth rib, and this bone can be divided with 
powerful cutting forceps while the finger passed under the rib acts as 
a guard The pleura, beneath which the lung can be seen gliding 
smoothly, is then worked still farther forward, two or three fingers of the 
right hand being used for the purpose, and the seventh rib is treated as 
was the eighth The stripping becomes easier, and often the pleura 
literally falls aw r ay from the mediastinum, especially m the upper part 
As many of the next upper ribs as may be required for the exposure are 
then divided close to the spine, and the pleura and lung are peeled for- 
ward with increasing gentleness until it appears that enough space has 
been made W ith a broad blunt retractor against the low r er edge of the 
eighth rib a firm pull is exerted at right angles to this structure, and the 
first landmark to come into \ iew r will be the great splanchnic nene, as it 
lies on the posterior chest wall part way up the elevation formed by the 
bodies of the rertebrae When the pleura is pressed still farther for- 
ward the descending aorta is felt and is next laid bare together with 
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the left part of the vertebral bodies which are covered with fascia In 
front, we now have the esophagus with the pneumogastnc nerves, the 
right, more posterior one, being easier to locate The recognition of 
the esophagus by sight or touch is not easy, even when a good sized 
stomach tube has been inserted through the mouth as a guide I have, 
therefore, devised a diaphane which consists of a rubber tube, from 
32 to 40 caliber, into the end of which is fitted a little electric lamp, 
the wires passing through the tube to a small hand battery An assistant 
passes this into the esophagus through the mouth, and the light, on 
being flashed, shows through the tissues with a bright crimson glow, 
instantly indicating the location of the lumen of the organ The eso- 
phagus is nearly always carried forward with the pleura and pulmonary 
ligament, much as the ureter is drawn forward with the peritoneum 
There is a netlike layer of tissue which holds the esophagus and 
the descending aorta together and is continuous with the adventitia of 
the artery and probably with the pulmonary ligament This may be 
lifted from the vessel with forceps, divided with scissors, and partly 
stripped away to facilitate orientation of the esophagus But rolling 
the aorta from its position is dangerous, for its intercostal branches 
on the far side may be torn, and the resulting hemorrhage may be 
difficult to control In one of my cases, the aorta, an extremely 
thm-walled specimen, was torn by forceps m attempting to check 
bleeding of this kind, with a fatal result 

In exposing the esophagus, the two principal points are to guard 
against vagus shock and to avoid entering the pleura The vagus 
may be temporarily blocked, as advised by Torek, by applying to this 
region, above the place where we are dissecting, a little 5 per cent 
cocam on a cotton pledget To keep the pleura intact, we must be 
most gentle in our manipulation, and every effort must be made to 
identify the right pleural reflection The esophagus is not covered by 
a glistening coat as are the normal intestines, but its outer layer consists 
ot muscle which can too easily be torn by rough handling, and the 
lumen of the esophagus accidentally entered The right, more posterior, 
vagus, with its plexus gulae, is quickly identified, and the nerve branches 
of the plexus can be divided with scissors if it is desired to isolate 
the esophagus The left vagus is not usually seen With a large 
bi oad retractor, the pleura and lung can then be drawn aside, and 
the posterior wall of the pericardium exposed 

Fleeing the esophagus downward, we may follow it forward with 
its accompanying nenes to where it passes freely through the hiatus m 
the diaphragm But it is not easy or always possible to peel the pleura 
away from the central portion of the diaphragm 

The High Opeiatton — With this procedure, the upper portion of 
the posterior mediastinum is entered and much of the superior space 
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is exposed It is earned out on the same general plan as the operation 
just described, but it is the seventh or even the sixth rib which is 
first resected, and the fifth, fourth and third are divided posteriorly 
At this level, the approach may be from right or left The trapezius 
and rhomboid muscles are cut, and the scapula drawn far forward 
The separation of the pleura from the chest wall is distinctly easier 
than it is below, and this sac, with its contained lung, may be pressed 
downward from the superior opening of the thorax, exposing the entire 
aortic arch with its branches The trachea and its bifurcation, the 
esophagus and the other structures of this region can be seen and 
handled with facility We are now operating above the cardiac 
branches of the vagus, so the cocaimzation of the pneumogastrics is 
more important here than it is below 

The left side appears to be the more suitable avenue of approach 
m opening the lower part of the posterior mediastinum because the 
aorta, which is the mam landmark, lies first to the left of the bodies 
of the vertebrae, and gradually works over toward the median line, 
which it almost reaches at a horizontal plane which passes through the 
tenth rib at the place where it joins the spine The esophagus in the 
upper part of the thorax is toward the right of the aorta but comes more 
directly m front of it as the artery swings toward the midline Approach- 
ing from the left, also, we find that the pleura of this side does not have 
the complicating fold which is found on the right where, as mentioned 
above, the sac often crosses to the left side In pushing the pleura 
forward after the esophagus is reached, the pulmonary ligament is 
torn To the operator, this ligament, in this part of the operation, is 
not m evidence and it appears to him as if the pleura were pushed 
directly away from the esophagus As a matter of fact, of course, 
the pulmonary ligament is bluntly divided, although it is not usually 
identified If the right pleural process should happen to be torn, there 
will be an immediate and audible rush of air into the right pleura, 
and it is at this time that differential positive pressure must be applied, 
which, as stated above, is all the more important if a hole has been 
torn m the left pleura as well This accident occurred twice m mv 
experience One of the cases is worth reporting briefly, a complete 
record ha\ mg been published previously 3 During a dissection m a 
case which proved to be an inoperable cancer of the esophagus, I was 
attempting to isolate the normal part of the gullet when the right 
pleural process was torn There was a sound of rushing air and the 
hearts action became \ery irregular The left pleura, which was 
fragile had been alreadv torn, and mtrapharyngeal pressure had to 
be applied Cianosis, houe\er, occurred, with extremely shallow 

3 Lihenthal Howard ^nn Surg 74 259 (Sept) 1921 
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breathing, and I thought that a fatality on the table was imminent 
The chest was quickly and completely closed, and the patient recovered 
so that he left the table m good condition, dying, however, forty-eight 
hours later A postmortem wound inspection revealed air and a little 
bloody serum in the right pleura It is probable that death was caused 
by pneumatic and circulatory changes m both sides of the chest in 
an old and cachectic patient 

I have explored the posterior mediastinum eleven times for car- 
cinoma of the esophagus, and some of the histories have been reported 3 
I have twice explored the superior mediastinum, together with the 
upper part of the posterior In both, exposure was perfectly satis- 
factory, and the mediastmotomy itself was not so difficult as in the 
lower operation The arch of the aorta and its branches, particularly 
those on the left side, were perfectly exposed Both operations were 
through left-sided incisions 

The accidental entry into one pleural sac does not necessarily mean 
that the operation must be immediately abandoned With the aid of 
^differential air pressure, the procedure may be continued, and at its 
termination, if the wound m the pleura is too large for suture or if 
the pleura is too fragile to hold the stitches, a covering of gauze or 
of rubber dam may be laid on the rent, the remainder of the mediastinum 
packed and the external wound closed In a few days, the lung will 
have expanded and will have sealed off the rent m the pleura I first 
observed this m the case of a woman, aged 63, who had a carcinoma 
of the esophagus just below the aortic arch There was also a large 
metastasis in the right upper pulmonary lobe, which had unfortunately 
been misinterpreted in examining the roentgenogram In this case, I 
found, near the end of the operation, that there was an opening m 
the pleura, half as large as the palm of an adult hand The flap of 
the skm which was to have been used to form a new esophagus was 
laid inaccurately over this large opening and held m place with three 
or four catgut sutures, and the mediastinum packed Under the 
packings, granulation set in, and the chest became sealed off The 
patient unfortunately died, eleven days after operation, of what 
appeared to be a heart block or a vagus disturbance 

A postmortem wound inspection revealed the left lung fully 
expanded and adherent to the location of the rent in the pleura 
Indeed, the adhesion was so firm that, on removing the flap of skm, 
the pleura was still thoroughly airtight and the lung completely filled 
the cavity 

I have had but one opportunity to perform posterior mediastmotomy 
m a condition other than carcinoma of the esophagus, although I have 
entered this space transpleurally a number of times 



280 


ARCHIVES OF SURGERY 


REPORT OF CASE 


Hist oi y — A P, a man, aged 43, for two months had suffered with pain 
in the dorsal region, with cough and expectoration and with pam beneath the 
sternum There were rales in the right base Roentgenograms mealed a 
dense shadow in the interlobar region or in the middle lobe on the right side 
and over the dome of the liver There were also shadows at the right lnlum 
No tubercle bacilli were present in the sputum The Wassermann blood exam- 
ination proved negative, three times Later roentgen-ray examinations mealed 
a dense mass, apparently in the mediastinum, from the tenth rib up to the 
fourth, more marked on the left side There was no fever when I first saw 
him in the early part of May, 1921 The pam was extreme and was localized 
in the middorsal region, requiring large doses of morphm for its control 
Physical signs at that time indicated rales in both bases and increased loice 
conduction in the right middle posterior chest The patient entered the Flower 
Hospital Private Pavilion, and, May 23, a semilateral roentgenogram, as well 
as a fluoroscopic examination indicated that the tumor of the mediastinum was 
continuous with that of the lung and that the greatest density w r as at the 
ninth rib, posteriorily The next day, I operated, Dr Neuhof assisting The 
anesthesia w r as by gas, oxygen and ether 


Opeiation — The patient lay on lus left side in the position of scoliosis A 
long incision w r as made over the right ninth rib, and this rib was subpenosteally _ 
resected for about 6 inches (IS cm ), with resection, posteriorly, of the eighth 
and seventh ribs as well The pleura was easily stripped away from the ribs 
and from the posterior chest wall, with excellent exposure of the entire 
posterior mediastinum, but no tumor was found The mediastinum was packed 
with gauze, and the pleura at once freely incised and its contents exposed 
The lower portion of the upper pulmonary lobe contained a large dusky mass, 
giving the impression of a neoplasm A specimen w'as removed for diagnosis, 
and about 30 drops of nonodorus pus exuded We were evidently dealing 
with an indurative suppuration m the lung, probably secondary to an infected 
tumor There w r as a small elastic bulging mass on the anterior surface of the 
body of one of the vertebrae, this was punctured with the needle It bled 
freeh, but no pus w r as found The opening in the lung w^as packed with 
gauze, which was led out posteriorly The greater part of the w'ound w r as then 
closed with tw r o pencostal chromicized catgut sutures and a number of inter- 
rupted muscle sutures of the same material The skin v r as left open and a 
packing left in the mediastinum Just before tying the last suture to close 
the pleura, the lungs were inflated and the chest w r as closed airtight 

Pathologic Rcpoit (Dr Mandlebaum) — The specimen revealed an interstitial 
inflammaton process, with a purulent inflammation which was evident!} super- 


imposed Nothing was present to suggest neoplasm 

Coin si — No general empjema resulted, although there was some suppuration 
in the chest wall, and part of the wound was opened wide for drainage 
Ten da^ after the operation, the packings were graduall} remo\cd from the 
mediastinum, and there was only a mild infection The packing in the lung 
ca\it} was replaced b\ a soft rubber tube The temperature rareh reachc 
more than 102 F The pain in the back was completel} reliered, and, for a 
time, it looked as if the man would rcco\er Indeed, a few weeks later, the 
wound in the thorax had closed to a small, slight!} discharging sinus, when 
a graduall} increasing left hemiplegia appeared, with delirium, and the patient 
died Most unfortunate!}, no necrops\ was permitted, but it is probable t ia 
lie died of a cerebral metastasic ao«cess 
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COMMENT 

This case illustrates how simple a matter it is to make a complete 
exploration of the posterior mediastinum by this method and how 
safe from infection such an operation may be, probably because of 
the ample drainage, for there was no mediastimtis m spite of the neigh- 
boring abscess It is also interesting to note the complete relief of 
pain m the back which this operation afforded It was like a true 
decompression 

Another case, the first to my knowledge m which this method of 
approach was used m a suppurative mediastimtis, was that of a 
woman, m the practice of Dr Harold Neuhof Here, there occurred 
high fever and severe dorsal pain, with dulness on percussion m the 
right lower back running up along both sides of the spine Remarkable 
bedside roentgenograms demonstrate first, the value of roentgenography 
m making a diagnosis of posterior mediastimtis, and, second, the change 
m the roentgen-ray appearances following the operation and the evacu- 
ation of pus from the mediastinum Dr Neuhof stated that the pro- 
cedure was easy and that injury to the pleura was avoided without 
difficulty The patient recovered 

CONCLUSIONS 

Although this report of experience in posterior mediastmotomy is 
limited, I believe it indicates the surgical value of the procedure As 
a means of exploration, it ranks with wide intercostal thoracotomy, 
and is probably more complete than exploratory laparotomy I believe 
it will eventually become one of our standard operations and that more 
successful results will follow earlier intervention Articles which prac- 
tically cover the field of posterior mediastmotomy, including the 
approach to the esophagus, are those by Kirschner 4 and by Rehn 5 
Enderlen’s paper is also important 

4 Kirschner Oesophagus Chirurgie, Arch f khn Chir 24 606, 1920 

5 Rehn, E Operationen an dem Brustabschmtt dCr Speiserahre Arch 
f khn Chir 57 733, 1898 



TERATOMA OF THE RIGHT CHEST CAVITY 

REPORT OF CASE * 

WYMAN WHITTEMORE, MD 

BOSTON 

History — Jan 23, 1922, a boy, aged IS years, entered the Massachusetts 
General Hospital with the diagnosis of dermoid cyst of the right pleural cavity 
The father had died of what was probably consumption Otherwise the famih 
history was negative The patient had had measles and pertussis He had 
never been robust, but otherwise the past history was negative 

During November and December, 1920, that is, fourteen and fifteen 
months before entrance to the hospital, the patient was rather below par and 
occasionally complained of pam in the left side of the chest He plaied 
about as usual, however, until January, 1921, when he began to cough a 
little and had some fever The local physician thought he had fluid in the 
chest and sent him to the Newburyport hospital with the diagnosis of “sero- 
fibrinous pleurisy,” where he was admitted, Jan 31, 1921 Examination 
revealed dulness at the right apex and flatness over all that base below the 
angle of the scapula The roentgenographic examination revealed “dulness 
as high as the fourth space, which did not shift on changing position The 
roentgen-ray diagnosis was encapsulated empyema or malignant disease ” The 
patient was discharged February 11, twelve days after entrance, without 
operative treatment, and somewhat improved 

Subsequently he felt fairly well for nine months, but remained in bed part 
of the time, and got out of breath if he played much He believed he gained 
some weight during this time He coughed very little, but occasionally there 
was a little blood-tinged sputum He had rather frequent gas pains and 
vomited with indiscretions of diet In December, 1921, he began to have some 
pam in the right side of the chest, and, Jan 5, 1922, he was again admitted 
to the Newburyport hospital There, examination was much the same as that 
noted later when the patient entered the Massachusetts General Hospital 
The roentgen-ray at that time disclosed “a dense shadow extending to the 
top of the third rib, showing some increase m size from the previous year 
A No 14 catheter was introduced through a trocar, and 4 ounces (1184 cc) 
of colloidal jelly was aspirated, with considerable suction This material 
contained numerous hairs, from one-half to three-fourths inch (from 12 7 to 
19 mm ) in length The report of the pathologic examination of this material 
made at the Harvard Medical School, was as follows “Brownish, extreme!' 
\iscid liquid containing many white flakes, from 1 to several millimeters m 
diameter, which ha\e a pearly iridescence These prove to be made up of 
keratinized epithelial cells There are also many hairs free and embedded m 
the epithelial scales Diagnosis Material from dermoid cyst 

About two weeks later Jan 23, 1922, he was admitted to the wards ot 
the Massachusetts General Hospital w ithout any appreciable change m 
condiMon 

* Read before the American Association for Thoracic Surgery Washington 
D C , April 29, 1922 
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Examination —This revealed a rather underdeveloped and distinctly under- 
nourished boy of 15 who did not appear to be more than 11 or 12 The thorax 
showed marked asymmetry, the left side of the chest being thin and flattened, 
while the right side was rounded and bulging, the bulging being much more 
marked at the costal border than at the apex, and much more noticeable in front 
than behind The right side of the chest was practically fixed on respiration The 



Fig 1 —Tumor occupying the right pleural cavity 


left lung was resonant throughout, with exaggerated vesicular breathing, 
" h,k on the n S ht ’ the ent,re chest was flat with absent breath sounds, 
except for a small area at the apex where breath sounds were transmitted 
feebh Tactile fremitus and whispered voice sounds were absent everywhere 
on the right, except at the apex Cardiac impulse was visible m the fourth, 
fifth and sixth interspaces on the left Maximum impulse was seen and felt, 
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5 cm outside the nipple line Sounds were normal without murmurs or 
thrills Blood pressure was systolic, 95, diastolic, 60 The liver border vas 
palpable, 5 cm below the costal margin in the right nipple line The fingers 
of both hands showed moderate clubbing The toes showed none Examina- 
tion otherwise was negative 

Laboratory Examinations — The urine and stools were normal The sputum 
was small m amount, watery, brownish and contained staphylococci, short 


If 



jTjg 2 — No e\idence of expansion of lung, fluid lc\el in the pleural caviU, 
serenteen dars after operation 

chained streptococci and diplococci Blood examination rerealed Iculoc' tes, 
10,500, erj throe) tes, 5,130,000, platelets, normal, hemoglobin, 70^per cent, 
differential count pohmorphonuclears, 74 per cent , hmphocjtcs, 2o per cein , 
transitionals, 2 per cent The red blood cells were normal The patient ic on„ 
to blood Group IV 
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Fliioi oscopic Examination —“The entire right chest, except the apex, is 
occupied by a dense shadow with an indefinite upper border The right dia- 
phragm and the costophrenic sinus are both obscured No fluid level is observed 
The heart is displaced to the left The roentgenogram confirms these findings 
(Fig 1) Dulness in the right chest extends to the second rib The appearance 
suggests an extensive pathologic process in the right chest, involving the lung, 
with possibly the presence of fluid ” 

Operation and Result— Feb 1, 3922, an operation was performed It was 
started under paravertebral anesthesia, but, as the patient soon became restless 
and hard to manage, gas oxygen was given and the operation completed under 
this A section of the sixth rib, measuring nearly 8 inches (20 3 cm) was 
removed, and the chest cavity opened A very large solid tumor appeared, 
and, m order to expose this, the fifth, seventh and eighth ribs were cut across, 



Fig 3 — Left, patient after operation, showing drainage tube still in place, 
right, bulging of the lower part of the chest, the same as before operation 


close to the vertebral column These were spread wide apart, giving an 
excellent exposure The tumor extended from the diaphragm to the second 
rib and was very adherent The whole right lung was pushed up into the 
apex of the chest The tumor was removed, with considerable difficulty, 
as no definite line of cleavage could be found There was a pedicle con- 
taining several large blood vessels that seemed to have its origin in the 
mediastinum After delivering the tumor, the lung was carefully examined 
It was little larger than the palm of one’s hand, being divided into three lobes 
The middle and lower lobes were of about the same consistency as the liver 
and ucre a dark broun The apex of the upper lobe was soft, grayish white 
and had a lerv little air in it The oozing inside the chest cavity was stopped, 
and the nound sutured tight, with a catheter, v Inch was kept shut off, in the 
loner end During the operation, the patient’s blood pressure dropped from 
sistohc 95, diastolic 60, to sjstolic 50, diastolic 30, and the pulse became 
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slower and slower so that at the end of the operation it was only 50, this 
probably being due to irritation of the vagus nerve during the removal of the 
tumor He was transfused while still on the operating table, although no 
large amount of blood had been lost This improved his general condition 
Within twenty-four hours after operation, the patient’s pulse graduallj 
increased to 140 and the blood pressure was systolic 85, diastolic 40 Large 
amounts of bloody fluid were aspirated through the catheter, at first ever} 
hour and later every two hours Nothing taken by mouth was retained during 
the first three days, and fluids were kept up by means of rectal and intravenous 
glucose injections By the fourth day, the patient felt so well that he kept 
sitting up m bed unless restrained On the morning of the fourth day, when I 



Fig 4 — Tumor split wide open 


made my visit, he was reading the morning paper On the eighth da>, the 
catheter was remoied, and the sinus was allow r ed to close, as ivc could no 
longer obtain anj serum from the ca\ity with suction The rest of the wound 
healed b} first intention 

The patient’s temperature remained normal for three dais, and then tie 
temperature ran a mild septic course, probably from absorption of reaccumu- 
lated fluid m the chest cavity This gave him no discomfort and little consti- 
tutional reaction other than the rise in temperaure A roentgenogram, taken 
Februan 18, eighteen dais after operation, reiealed “Considerable flui m 
the lower half of the right chest and no endence of expansion of the lung 
The right side of the chest was tapped with a needle and aspirated sei era 
times from 2 to S ounces (from 59 to 236 cc) of a dark brown flui 
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obtained (Fig 2) This fluid contained practically no leukocytes, and a cul- 
ture was sterile He gained strength slowly, but continued to have a septic 
temperature 

March 7, thirty-five days after operation, fluid aspirated from the chest was 
found to contain many leukocytes, and the culture showed staphylococci A 
No 20 catheter was reinserted m the old sinus at the lower end of the inci- 
sion, and a large amount of pus was aspirated The cavity was kept fairly clean 
with irrigations of salt solution, and, although he continued to have a low 
septic temperature, his general condition improved very much, and he was 
discharged to his local physician, March 22, fifty days after operation 

COMMENT 

Figure 3 shows the appearance of the patient at the time of discharge 
The illustration to the right shows the bulging and rounded appearance 
of the chest, especially at the costal border, as described m the physical 
examination This still persisted after operation 

Pathologic examination revealed a cystic and solid tumor about 
the size of a large cantaloup, measuring 8 by 13 by 17 cm , and 
weighing 1,491 gm It had a thick capsule, with redundant folds, 
containing several nodules about the size of an English walnut These 
folds evidently represented the collapsed walls of a cyst On section, 
it was honeycombed with small cysts filled with thick, white, tenacious 
fluid Some of them showed black pigment There were areas of bony 
plates and epidermis Some of the cysts were filled with necrotic 
material, m which hair could be identified Microscopic examination 
disclosed stratified epithelium, with sebaceous glands and hair follicles, 
smooth muscle and myxomatous connective tissue, sympathetic ganglion 
cells and nerve fibrils, tubules suggesting the spinal canal, fragments of 
deeply pigmented epithelium suggesting retina, tubules lined by epithe- 
lium suggesting the intestine, and groups of small tubules filled with 
eosm-staimng material, suggesting the thyroid The diagnosis was 
teratoma (Fig 5) 

Although this boy survived the operation and left the hospital m 
fairly good condition, it was disappointing to find that the lung showed 
no tendency to expand At operation, pressure from the gas oxygen 
machine had no effect on making the lung expand, and breathing 
exercises following the operation produced no expansion At operation, 
the only eudence found of air having entered the lung was at the 
apex of the upper lobe The rest of the lung appeared to be undevel- 
oped and infantile, thus the inability to make it expand was not 
unexpected 



A RADIUM NEEDLE FOR THE ESOPHAGOSCOPE - 


SIDNEY YANKAUER, M D 

NEW YORK 

The instrument here presented is intended for the introduction of 
glass capillaries containing radium emanations (the so-called radium 
seeds) into the tumors of the esophagus 

In introducing radium seeds into readily accessible tumors, it is 
customary to introduce the needle and then withdraw it a short distance 
before ejecting the seed, so that the seed travels m a previously made 
channel I have found, after several trials, that the emplacement of 
the seeds m a tumor of the esophagus through the esophagoscope 
cannot be accomplished with precision, because the tumor, as well as 



the esophagoscope, are in constant motion, but they do not move 
together The position of the instrument cannot be controlled with 
any degree of accuracy 

To overcome the difficulty, I have constructed an instrument with 
an adjustable stop by means of which the depth of penetration of the 
needle can be previously fixed When held firmly against the tumor 
with the handle closed, the stylet and the seed are held immovable 
and the needle is withdrawn, leaving the seed in the channel made 
by the needle 

In actual use, the introduction of the seeds proceeds quickly and 
with accuiacy 

The instrument is made by V Mueller and Company, Chicago 

* Read before the American Association for Thoracic Surger\, 'Washington, 
D C April 29, 1922 


SURGERY OF THE MEDIASTINUM, INCLUDING THE 
HEART AND ESOPHAGUS 


ABSTRACT OF DISCUSSION 

Dr Edward W Archibald, Montreal, Canada Our President remarked 
that the treatment of pulmonary tuberculosis was entering a new phase, with 
Sauerbruch’s posterior extrathoracoplastic operation It is perhaps the only 
branch of thoracic surgery with which I feel familiar I can only say with 
regard to my own experience, which now numbers fifteen cases, that the 
results have been very gratifying, on the whole They approximate those of 
Sauerbruch, with practical cures of from 25 to 35 per cent of the patients 
It is our duty individually and as a society to make ourselves familiar with 
this particular branch of thoracic surgery, because I know of no other branch 
in thoracic surgery which really promises more, not only that, but there is 
no other branch of surgery m which our duty from the social and economic 
point of view is more clear We all felt last year m Toronto when Dr 
Lihenthal read his paper on the posterior mediastinal approach and resection 
of the esophagus that here was a strong ray of light Heretofore, we all had 
been pessimistic in regard to resection I remember going over statistics 
and finding twenty patients operated on since 1910, and only one living 1 It 
seemed that Dr Lihenthal had not only solved the problem, but had devised 
a means of avoiding the danger of infection These patients usually died of 
mediastinitis By using two stages in his technic, he bade fair to overcome 
this difficulty, because we all know the defensive power of granulation tissue 
Dr Armstrong spoke to me last summer in reference to a case of esophageal 
cancer and asked me whether I would like to take care of the patient The 
woman was middle aged, the symptoms of obstruction had been present for 
several months, she could still swallow fluids, just enough to maintain a 
moderate degree of nourishment, but her general condition was good on the 
whole She was treated with preliminary irradiation Esophagoscopy had 
revealed a cancer just above the arch of the aorta, quite a little higher than 
that in the successful case reported by Dr Lihenthal last year It was 

obvious that vve had to do something I could not agree with Dr Lihenthal 

that a primary gastrostomy was unnecessary It seems to me that a primary 
gastrostotnv is advisable You have to get these patients into better condition 
I performed a gastrostomy, and, after waiting about three weeks, the patient 
was in a fair state of nutrition and I proceeded with the operation I removed 
two ribs, the sixth and seventh, bringing the scapula upward and outward 
in order to give myself more room Dr Lihenthal says it is not necessary 

I dare say it is not I went in from the right side I felt that I would not 

be bothered by the pericardium and that I would have more room The first 
thing I discovered was that the pleura was difficult to separate Dr Lihenthal 
tells us this morning that it is because one does not go about it m the right 
wav I dare sav that is true, but I cannot see just how I failed to go about 
it in the right wav I found great difficulty' m separating the thin pleura 
without tearing it Wherever I worked, it seemed so adherent that I had 
to proceed with the greatest caution This was particularly the case when 
1 reached the spinal column where it tore in several places I had the patient 
under positive pressure I am sure I tore through the pleura in places where 
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it was difficult to see, and, as a matter of fact, although I repaired 
everything, as I thought, I ultimately caused some pneumothorax which 
was sealed by positive pressure during the operation but which made 
itself evident after operation Then came trouble by reason of the 
adhesions of the tumor itself to the posterior mediastinum I separated 
the adhesions with difficulty I cannot say how much the adhesions were 
due to radium and how much to the tumor I had no trouble from the vagus, 
and there was no particular shock I was able to isolate the tumor and to 
excise it It was a hard growth, about 1 inch (25 cm) m length I w'as 
able to feel the esophagus with the stomach tube quite easily Difficulties 
arose after the operation Since the skm flap was long, it became gangrenous 
at the edge — about one-fourth to one-half inch from its tip Symptoms of 
moderate pneumothorax, evidenced by slight mediastinal flutter, were obvious 
They were quite certainly due to tearing of the pleura, which had not been 
sutured Infection developed, and the patient died on the sixth da}, of what 
I consider to be a mediastinitis proceeding from infection and gangrene of 
the flap, combined with a partial pneumothorax on the right side Such was 
the result ! Now, then, to summarize The points that I should like to make 
are that the dangers are still there, I believe The great optimism with which 
we welcomed Dr Lilienthal’s paper should be modified, not with Dr Lilienthal 
as the operator, but with me as the operator The difficulty of loosening the 
pleura is still there, to my mind I cannot see how “the pleura just falls 
away” I have seen cases in which it falls away, but it does not always do so 
The danger of infection is still there In order to avoid it, I made the flap 
just a trifle too long, longer than necessary I believe one should go a little 
deeper and include the deep fascia and muscles If you include the muscles 
at the base, with the deep fascia, I believe, perhaps, that feature would be 
minimized The high situation of the growth did not seem to offer any appre- 
ciably greater difficulties to exposure than the lower situation of the growth 
As I said, I found no particular vagus effects These cases are different from 
those in animals We have listened to Dr Fischer’s paper with great interest 
Experimental work in animals is comparatively easy In the human 
being, we shall always have adhesions which cause a great deal of difficult} 
The operation itself was not particularly shock producing, there was ne\er 
any moment m which I was afraid I merely present the report as a contri- 
bution to the subject, pointing out the difficulties I have met I, nevertheless, 
still believe that this method is the only rational method for such cases and 
do not wish this report to be taken as a deterrent It will not be a deterrent 
to me, but, nevertheless, I believe we should be prepared for a little more 
difficult} than Dr Lilienthal led us to expect in his paper this morning 

Dr Leon 1 LeWald, New York City I ha\e had an opportunit} to studi 
roentgenological 1} four cases of mediastinal tumors, resembling close!} the t}pe 
described by Dr Whittemore M} four cases, curiously enough, w'ere all on 
the left side Dr Whittemore’s happened to be on the right The first cast 
was thought to be an aneurjsm, but, after prolonged stud}, we could not detect 
expansile pulsation, we could distinguish a slight separation from the heart 
and aortic shadows sufficient to make us believe it did not originate from them, 
although closeh attached to the pericardium This patient was not operate 
on We watched him for about a jear The tumor increased slighth m Si7C * 
or at least it did not increase materialh, as the aneur}sm w'ould ba’ic been 
expected to do We lost sight of the patient, until two }cars later, when on 
looking up the luston, the outcome of the case was found to be as follov - 
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The patient had a spontaneous evacuation of the contents of this probable cyst 
At the time we saw him he was at St Luke’s Hospital, and two years later m the 
Presbyterian Hospital, with what was supposed to be influenza He had a violent 
attack of coughing, and rather thick material was coughed up The nature 
of this material, unfortunately, was not definitely determined pathologically 
The man made a complete recovery, and, when we heard from him two years 
later, he was absolutely well We believe it was a tumor of this character spon- 
taneously evacuated The second case was in a boy of 19 The shadow 
apparently represented a tumor of a similar nature This young man we 
observed for three years, and the tumor increased in size, coming almost to 
the surface of the chest At that time, we hoped to have him admitted for 
an exploratory thoracotomy He, however, was one of the boys about the 
streets of New York and was not very faithful about returning I have no 
further record of his case The increase in size of the mass m a boy, 19 years 
of age, was of considerable interest, and would, I think, fit m with this type 
of tumor, if it were a dermoid The case is of further interest because of the 
constantly increasing size, which would render extirpation necessary The 
third case is another one of the same type The tumor was on the left side 
That patient is alive after nearly four years, and the exact nature of his con- 
dition is a question , but I believe it belongs to this class of mediastinal der- 
moid Among other mediastinal growths, referred to by Dr Matas, I should 
like to call attention to a case of lymphosarcoma with exceedingly rapid growth 
m a child, 9 years of age I believe it belongs to the group of cases which 
Dr Matas has discussed so brilliantly, with regard to whether or not tem- 
porary relief can be secured This patient was under observation for six weeks 
before death No procedure was of any avail In the more benign types of 
tumor, such as Hodgkin’s disease, radium or roentgen ray can be used as a 
diagnostic measure, by reason of the therapeutic effect, while, on the other 
hand, true infiltrating malignant growths which extend out along the paths of 
least resistance show little if any response to roentgen-ray or radium therapy 
Although it is true there is some temporary relief, that is about all that can 
be expected m this type of malignant growth of the mediastinum In regard 
to Dr Fischer's paper, it so happens that I have under observation two cases 
of thoracic stomach, one m a child and one m a woman, 62 or 63 years of age 
Both of these cases are exceedingly interesting m relation to the type of 
operation he has depicted, of drawing the stomach up into the chest These 
two mdiuduals are comfortable and well The child had to have a palliative 
operation through the diaphragm for an obstructive lesion I believe this type 
of stomach is developed above the diaphragm, while, m true hernia, the stomach 
is actually formed below the diaphragm and then passes up into the chest 
caviti One other case of thoracic stomach has been reported in Chicago 
The author states that, m his opinion, it is possible for the stomach to dei elop 
abo\e the diaphragm Shortly after seeing this child, ive saw the case m the 
woman over 60, in whom the stomach was entirely behind the heart, the 
esophagus entering the stomach abase the diaphragm In a true hernia, the 
esophagus must come from below If one makes a differential diagnosis 
between mtrathoracic stomach and hernia, it is made by the way in which the 
esophagus enters the stomach The point is that these two individuals are m 
robust health, one a loung subject and one old, with their stomachs entirely 
m the chest ca\it\ 

Dk Pr\\z I Torfx, New lork City I will confine m\ remarks to car- 
cinoma of the esophagus Dr Fischer and mam others have pointed out that 
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thus far the results of surgical treatment of carcinoma of the esophagus are 
not very encouraging To improve the results, there are two factors necessan, 
one is the improvement and simplification of the technic and the other is the 
recognition of the cases at the time when they are still favorable for operation 
Now, as for the first of these requirements, many of us in this Association 
have done our best to improve the technic and to simplify it I am sure we 
have worked very, very hard I cannot say that the general medical public 
has come up to the second requirement, namely, the recognition of carcinoma 
of the esophagus at a time when it is still operable We operate on practically 
all patients that are sent to us, and it has been our unfortunate experience that 
many of the cases are so far advanced that the tumors either crumble under our 
hands or are adherent to the connective tissue around, having worked through 
the walls of the esophagus, instead of affecting only the mucous lining, to such 
a degree that often both pleurae are affected, and extirpation offers an enormous 
number of difficulties and is often unsuccessful Dr Lilienthal used a com- 
parison which I thought was very apt, when he likened the condition to appendi- 
citis, thirty-five years or more ago No patient with appendicitis was ever operated 
on unless he presented a large mass, easily made out by dulness on percussion, 
consisting of a large abscess At that time the voices that decried anv opera- 
tion on an appendix that was not perforated were very loud At times, a 
surgeon who suggested operating on a nonperforating appendix was looked 
on almost as a criminal, and, at the present time, surgery of the esophagus is m 
almost the same antiquated state If a patient is still able to nourish himself 
by swallowing soft food, and is not losing flesh, even the suggestion of per- 
forming a radical operation for carcinoma of the esophagus is looked on as 
criminal It is my hope that we will advance in this branch of surgery in the 
same degree that we have advanced m the surgery of the appendix The mis- 
fortune is that the diagnoses are not made early enough The trouble is that 
the esophagoscope is not used early enough If there is the slightest suspicion 
of trouble m the esophagus, an esophagoscopy is decidedly indicated For 
example, if there is some obscure condition in the lower colon, we do not 
debate about performing a sigmoidoscopy, we consider it our duty to do so 
We have not yet gone so far as that m the matter of carcinoma of the 
esophagus Dr Robinson, m his presidential address, made the remark that 
physicians will find a good deal of trouble in getting a surgeon to perforin 
their thoracic work I was somewhat astonished at first when I heard this, 
but I believe he is right It is really true, and the reason is that the practi- 
tioner seeks the surgical advice of a person who has paid no attention to 
thoracic surgery and consequently will have different ideas from those which 
\\e are expressing here If these physicians yvould apply to any one of this 
assemblage, he would find no difficulty in receiving surgical aid for his patient 
This yery apt remark of Dr Robinson’s has two sides, the other side being 
that we thoracic surgeons find a great deal of difficult} in getting ph>sicians 
to send their patients to us I am sure %ou ha\e a 11 had that experience, and, 
as I said before, our diagnosis should be made earl} To give one instance 
in relation to this subject, take the sjmptom of the h>sterical globus m the 
neck, in which there is difficult} in swallowing, called hysteria If that s\mp 
tom occurs in a }oung person, 16 or 20 jears of age, all right, call it hysterical 
globus, but if this symptom occurs m a person, 35 or 50 years of age, the 
person who passes it off as an hysterical symptom is not doing his duty It 
is his duty to haye esophagoscop} employed and to find out yyhether the hys- 
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terical globus is not simply a distant symptom of a deep-seated lesion If we 
find these deep-seated lesions earlier, at a time when only a portion of the 
mucosa, nr musculans, is involved, and the outside of the esophagus is still 
perfectly free, the likelihood of infection is small, the likelihood of bleeding 
is small, and our results will be a great deal better than they are at the 
present time I believe that it is very fortunate, as far as the technic of the 
operation is concerned, that we are not all working along the same line, that 
we are working in different directions By doing so, we can compare notes, 
and we should not — if we consider that perhaps one line of attack appeals to 
us as being something new and different — at once discard the older methods 
They may be all right, and a great deal has been said of the extrapleural 
attack At present, I admire it, and it may be the better one, but we do not 
know We should not give up the transpleural method by any means Some 
should work by the transpleural and others should work bv the extrapleural 
method Which of the two is going to have the final say, we cannot as yet 
determine The main thing is that we inspire our medical friends to make 
early diagnosis and use the esophagoscope earlier 

Dr Evarts A Graham, St Louis In the first place, concerning the pre- 
sentation of the subject of anterior mediastinal tumors by Dr Matas, I was 
very much interested in his discussion and presentation of the question of 
decompression of these tumors by splitting the sternum longitudinally, because 
recently I have had an experience of a similar nature A man had symptoms 
of dyspnea over a period of about three months, which seemed to begin with 
an attack of what was thought to be influenza He was a traveling salesman 
and observed the first symptoms while on the road somewhere He was 
brought to St Louis and went to a different hospital from the one where I 
generally work There a diagnosis of left-sided pleural effusion was made, 
and 3,000 cc of bloody fluid withdrawn, said to contain pure culture of the 
bacillus of Friedlander Following this, a large shadow was revealed by the 
roentgen ray, which was thought to be an enlarged pericardium The man’s 
dyspnea was only partially relieved by withdrawal of the pleural effusion 
Twelve different attempts were made to aspirate the pericardial cavity, all 
without success I was asked to see the man m consultation When I saw 
linn, he uas m most extreme orthopnea and cyanosis, his fingernails were 
almost black He had been able to assume only a forward reclining position 
for two yveeks He sat up in bed, leaning forward over a small table, which 
was the only yvay he could live On the basis of the shadow' revealed by the 
roentgen ray, which showed an irregularity on the right side of the pericar- 
dium in addition to an enlargement of the axillary glands on both sides, 
winch I think Ewmg called attention to first, I made a diagnosis of probable 
mediastinal tumor The man v’as very evidently near death from dyspnea 
1 advised immediate decompression of the anterior mediastinum for the pur- 
pose of exploration, hoping that decompression might give some respiratory 
relief He was accordingly taken to the operating room, and, under local 
anesthesia, we split the sternum longitudinally from top to bottom, using a 
chisel part of the time and part of the time a rongeur To our suprise, there 
was no particular gaping after splitting the sternum The operation was per- 
formed under the most extreme difficulties , it was like ly mg on one’s back in 
the street to repair an automobile from below The patient had to lean for- 
ward during the entire operation We combined, with the operatne procedure, 
inhalations of oxygen After splitting the sternum, the dyspnea \yas not 
materially reheyed, but I found a huge mediastinal tumor yylnch I diagnosed 
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as probably a lymphosarcoma The patient died one-half hour after operation 
Only a limited necropsy was permitted, but we found a lymphosarcoma which 
completely surrounded the trachea and enlarged bronchi and also encased the 
heart This represents another case of the type of tumor which Dr Matas 
mentions, from which we cannot expect decompression to afford very much 
relief— a constricting tumor, one which not merely causes pressure I believe 
that the immediate cause of death was a failure in oxygen It seemed so 
to us at the time There was no proper equipment for intratracheal or mtra- 
pharyngeal administration of oxygen We tried to give oxygen through 
an ordinary nitrous oxid machine, but it was unsatisfactory The oxygen 
supply finally gave out I believe if these things had been taken care 
of before, the patient’s life might have been spared, at least as long as that of 
Dr Matas’ patient One thing I wish to speak about is the question of 
thoracic stomach, which Dr LeWald brought up About a year ago, in the 
St Louis Children’s Hospital, a patient, 5 years of age, was brought to Dr 
Clopton, with a discharging sinus from the left chest and a history of pneu- 
monia about six weeks previously He had been operated on for emoyema 
by his local physician and had been left with a discharging sinus We found, 
however, that this sinus was not a pleural sinus, but extended into the stomach, 
which was m the pleural cavity The question arose whether the child ever 
had empyema, or whether, during the operation for empyema, the diaphragm 
had been injured, resulting in a diaphragmatic hernia This aroused some 
interest on our part, and we found two other cases in the literature m which 
apparently a diaphragmatic hernia of the stomach had been operated on, under 
the supposed diagnosis of empyema It is not an unnatural diagnosis to make 
without a roentgen-ray examination If a patient with a thoracic stomach 
happens to have pneumonia, a needle is put in and material obtained which 
looks a little like pus, it is not at all surprising that a diagnosis of empyema 
should be made m such a case The interesting thing in the case I mentioned 
is that the child was treated conservatively m order to clear up a considerable 
amount of infection which caine from burrowing of the infection beneath the 
skm, so that there were two or three sinuses, instead of the original one The 
sinus closed spontaneously The child gained rapidly in weight, and he has 
now no symptoms whatever from the thorax No attempt has been made to 
repair the supposed diaphragmatic hernia, and the child is without symptoms 
One other point concerns the handling of carcinomas of the esophagus, par- 
ticularly by the method suggested by Dr Lilienthal If the principal danger 
in this procedure, and in procedures on the esophagus, is infection of the 
mediastinum, then, of course, any method which eliminates infection would 
supposedly be one of the best Dr Lilienthal, I believe, in Ins two-stage 
method advocates the use of a cuff of skm That is a very ingenious deuce, 
but, nevertheless, the skin always contains bacteria, therefore, there is alvais 
danger of introducing bacteria into a denuded mediastinum by such a pro- 
cedure Tor this reason, I would call attention to some experimental work 
on dogs done in our laboratory by Dr Allen ( Ann Surg 76 157 [Aug ] 1922) 
Although it has not been applied to human beings, and, therefore, maj not be 
so satisfactory as m dogs ne\ ertheless, it gnes promise of offering a satis- 
factory method The method consisted in using a double flap of fascia lata 
around the esophagus The first stage consisted of isolation of the esophagus 
and the placing of a double cuff around the portion to be excised Two weeks 
later, the portion of the esophagus to be excised, with the inner larcr of fasen 
lata could be readih remored The outer layer of fascia lata had become 
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vascular, could be promptly sutured over, and, m practically every instance in 
a series of thirty-one dogs, survival took place, without any evidence of infec- 
tion The fascia lata forming the cuff later becomes lined with epithelium, 
by both upgrowth and downgrowth, and, though there is some tendency to 
stricture formation, in dogs at least it seems to do away with the danger of 
infection of the mediastinum 

Dr Karl Schlaepfer, Baltimore I had the opportunity, a year ago, of 
seeing Dr Lihenthal’s case m New York I was much impressed by his 
method In regard to his operation, I wish to make two suggestions which I 
failed to find in different articles dealing with this new operative procedure, 
which seems to me to offer a very bright outlook in thoracic surgery One is 
preliminary gastrostomy, or, if the surgeon intends to use the stomach for his 
plastic work, perhaps jejunostomy I had a wide experience with jejunostomy 
during my stay in Vienna with Professor von Eiselsberg By using jejunostomy 
as a preliminary procedure, we have the whole stomach at our disposition for 
further plastic operation within the thoracic cavity By performing a gas- 
trostomy, or jejunostomy, we avoid mechanical irritation of the tumor In 
about ten necropsies in cases of cancer of the esophagus, I was impressed 
particularly by the fact that the growth is partly due to inflammatory reac- 
tion This reaction makes it difficult for the surgeon to decide whether the 
case is suitable for radical operation or not By performing a preliminary 
gastrostomy, we can avoid the passage of any food through the esophagus, 
and we can reduce the size of the tumor by avoiding any further mechanical 
irritation of the growth which will lessen the inflammatory reaction 
around the tumor I might compare this procedure with a similar one used m 
cancer of the rectum, where, by means of a preliminary colostomy, we see the 
growth diminish in a short time A very helpful therapeutic procedure would 
be the combined use of radium, in the form of needles introduced into the tumor, 
and the roentgen rays for destroying tumor cells m the neighborhood of the 
growth and in the regional lymphatics By using this procedure, we might 
find, after a short time, a well circumscribed tumor, the pleura perhaps 
thickened, and, in this way, the patient well prepared for the second operation 
as suggested by Dr Lilienthal These two procedures, it seems to me, would 
open a new prospect 

Dr Robert T Miller, Baltimore At the risk perhaps of boring the members 
of this association, I should like to speak of some experimental work in which w r e 
have attempted to devise a method of esophageal resection and suture Through 
the courtesy of Dr Halsted, this work was carried out m the Hunterian Lab- 
ontorj of the Johns Hopkins Medical School during the fall and winter of 1921- 
1922 In a general way, the plan adopted was to free the diaphragm from the 
stomach at the cardia, to draw the stomach into the left pleural cavity, to resect 
a portion of it m Us lower third, lmaginating the cardiac end of the stomach 
and implanting the end of the dnided esophagus in the wall of the fundus of 
the stomach The method of suture used was, in principle, the “blind-end” 
method reported bj Dr Halsted (Ann Suig 75 356 [March] 1922), though the 
technic he described was altered in certain details The result of suture b\ 
this method was rather surprising, since, contrary to the experience rather 
generalh reported heretofore, the suture in our work did not tear out This 
method of anastomosis resulted in an opening which functioned The series 
represents hardh twent! dogs as let and perhaps four dogs haie died after 
operation, but when the animal sunned, the operation resulted in a function- 
ing anastomosis We, therefore, belie\e that esophageal suture can be carried 
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out in the pleural cavity of a dog with a rather certain degree of success In 
1920, Kirschner, in the AtcJtw fur klm ische Clwmgie made a proposal to 
adopt the same scheme, though in a rather more elaborate fashion His pro- 
posal was to divide all the blood vessels going to the stomach, except those 
coming in from the right end A stomach so mobilized could then easily be 
drawn to practically the superior limit of the pleural cavity Before we found 
this article, we had started with just this idea, knowing nothing about lus 
work It is surprising how much of the stomach one can draw up into the 
chest If one adopts the proposal of Kirschner with reference to the division 
of blood vessels, it is perfectly possible to dislocate the entire stomach of the 
dog into the chest, suturing the diaphragm to the pylorus However, we found 
m dogs that so extensive a division of the arteries supplying the stomach would 
not be tolerated A division of the coronary, vasa brevia and left gastro- 
epiploic arteries results, within four or five days, in a perforating ulcer of 
the stomach wall m more than 75 per cent of the cases This condemns the 
method Division of the coronary and vasa brevia arteries alone appears to 
leave a perfectly viable stomach If one divides the two arteries mentioned, it is 
possible to dislocate the stomach far enough into the chest to replace prac- 
tically the entire thoracic esophagus In the dog, then, we have a successful 
method of suture and a feasible method of mobilizing the stomach It remains 
to be seen whether one can replace the entire thoracic esophagus in this way, 
and experiments are now being carried on with this object in view Is this 
method applicable to man? Unfortunately, we cannot tell, since we have had 
no opportunity to apply it The possibility of suture of the human esophagus 
has been doubted because of the supposed absence of a submucous layer in its 
wall We believe this is not true, and offer as evidence the fact that we 
have found a double suture line of silk, placed m an esophagus freshly removed 
from the human cadaver, able to withstand a pressure of about 6 feet of water 
before there is leakage of either air or fluid Such security is well beyond 
any clinical demand Secondly, we have found that, by stripping the mucosa 
from the lower part of the human esophagus, a layer of submucosa can be 
demonstrated strong enough to break a fine intestinal suture needle By 
analogy, then, one might reasonably infer that the human esophagus will lend 
itself to suture If it is possible to develop a technic for resection of the 
esophagus and restoration of that tract by this method, we will have made per- 
haps a start toward converting the present hazardous and unsatisfactorj 
operative treatment of esophageal carcinoma into a procedure analogous to 
intestinal suture and possibty approximating it in simplicity The result of 
attempts to restore the destioyed esophagus by constructing an antethoracic 
canal have been of doubtful value, inasmuch as but one case has been reported 
as completed within three months, and most of them have required from six 
and a half to nine months, the prolonged struggle with the resulting fistulas 
ha\mg been completed usualh hardlj before recurrence has made itself eudcnt 
I hesitate to present so brief a summarj of this work, and, especially, since 
we have as jet not been able to attempt it in man So far as experimental 
eMdence goes, Dr Andrus and m3 self feel greath encouraged in the belief that 
ultimate!} the operation will be shown to be feasible 

Dr Johx' L Y-\tes, Milwaukee I had the pmilege, during the last week, 
of seeing Dr Miller's work, and I became com meed that he is finding the 
solution of the problem of excising the lower end of the esophagus, if not 
the middle portion as well Like Dr Matas and Dr Graham, I haae attemptc 
mediastinal decompression M\ result was thirteen times inferior to that oi 
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Dr Matas since the patient lived for twelve hours Usually, if there is indi- 
cation for mediastinal decompression, there is advanced periadenitis with 
adhesions, and these conditions make decompression impossible On the other 
hand, patients so affected can he carried along for months, with far less dis- 
tress, under proper dosage of roentgen ray Dr Whittemore is to be con- 
gratulated on the excellent work he is doing He brought out a point of 
clinical significance when he spoke of “liver-like” consistency in the lung 
above the tumor We were forced to the conclusion that after gunshot 
wounds such carmfied lung is a menace m the chest and will never function 
again If this is true, immediate resection of carmfied lung is indicated, even 
if resection amounts to lobectomy There was an old superstition that sun- 
light and scar tissue were the chief factors m controlling tuberculosis It is 
now recognized that the most important element is local resistance, the result 
of which is the formation of scar tissue In combating disease, this local 

resistance is of the utmost importance and depends directly on an adequate 

blood supply Physiologically, it is desirable not to cause the formation of 
scar tissue which reduces the blood supply, but to increase the blood supply 
with the subsequent formation of scar tissue, if such is necessary Thus it is 
that phrenotomy, which causes true diaphragmatic paralysis, leads to a maxi- 
mum blood supply, and hence to the provision of the best opportunity for 
spontaneous healing 

Dr Carl A Hedblom, Rochester, Minn We had one case at the Mayo 
Clinic in which I split the sternum longitudinally There was considerable 
spreading of the cut edges, but the symptoms were not appreciably relieved 
The patient lived for a few days after operation The mediastinal tumor 

proved to be lymphosarcoma I was much interested in Dr Whittemore’s case 

report Recently, we have had two cases of dermoid of the thorax One was 
not diagnosed, but was found at necropsy The patient came to the clinic, 
presenting a typical picture of exophthalmic goiter While receiving pre- 
liminary treatment for this disease, she developed symptoms of pleural effu- 
sion Aspiration yielded a canary yellow fluid which was sterile, but a 
culture from a specimen obtained later showed pneumococci Hypochlorite 
irrigation failed to diminish the size of the cavity or to sterilize it In the 
meantime, a double ligation was performed, the crisis occurred, and the patient 
died of In perthyroidism Necropsy reiealed a dermoid of the diaphragm, 
with two balls of hair in the pleural caa tty The second case was that of 
a man who first came to the clinic several years ago with symptoms of pul- 
monary abscess He refused operation, and a spontaneous perforation occurred 
on the anterior chest wall At operation last winter, a dermoid of the peri- 
cardium was found, with surrounding abscess cavity which had perforated 
into a bronchus The dermoid tumor was covered with a sparse growth of 
short hairs, and there were masses of hair free m the abscess canty, which 
was lined with squamous epithelium The dermoid was removed, and the 
ca\ lty walls and bronchial fistula were cauterized The patient made a good 
reco\ cry Regarding the retropleural approach to the esophagus, those familiar 
w ith the literature w ill recall that the operation has been repeatedly described 
and it has also been performed on the lmng patient The relatne merits of 
a right-sided and a left-sided route ha\e also been discussed with adiocates 
for each I ha\e tried both, and, from mi limited experience, I faior the 
right-sided approach Here the aorta is not m the way and m the region 
of the middle portion of the esophagus the arch of the azigos \eins acts as 
a guide to the esophagus After tins \essel has been doubh ligated and cut, 
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an unobstructed access is afforded to the region of the esophagus, which is 
inaccessible from the left side, owing to the arching of the aorta over it 
Unfortunately, the cases I have had have been inoperable m the sense that 
the tumor had infiltrated the tissues surrounding the esophagus In one such 
case, I tore the esophagus in liberating the tumor The patient died on the 
sixth day, of mediastimtis A second patient lived twenty days and died of 
leakage, caused by cutting through of the sutures in the lower stump Dur- 
ing the resection, I encountered a milky fluid which I thought was pus I, 
therefore, did not use so much precaution in suturing the stump as I other- 
wise would have done Later, I discovered that this fluid was not pus, but 
chyle from a tear in the thoracic duct I believe that failures in the past in 
operating for carcinoma of the esophagus have been due in part to technical 
difficulties which can be overcome partly at least, but we must operate before 
the disease has infiltrated the surrounding structures 

Dr Nathan W Green, New York City Regarding carcinoma of the 
esophagus I should like to relate a personal experience Last winter I was 
called to one of the principal hospitals in New York by one of our medical 
men and by one of our surgeons to examine, with the esophagoscope, two 
cases of esophageal obstruction I made the diagnosis of cardiospasm m one 
case, and this the medical man retained In the other, I made a diagnosis of 
carcinoma, and, on this diagnosis, the surgeon operated He used Dr Torek’s 
approach and stripped off the pleura of the left side from the mediastinum, 
thereby obtaining a good exposure of the carcinoma However, to make a 
long story short, the pleura that was stripped off sloughed, and the patient 
developed a septic pleuritis on that side and died on the ninth day The 
reason for mentioning the case is this He said, “What shall we do ? " It 
seemed to me that if one could establish an aseptic inflammation in the 
pleura, so that the visceral pleura might be glued tightly to the parietal 
pleura before operation, a considerable amount of inflammation in the medi- 
astinum would not then be so disastrous, as there would be no free pleural 
cavity' to contaminate I suggested to him that if he should operate in 
another case he should inject “aleuronat” into the pleural cavity, in this way 
attempting to obliterate the pleural space by a sterile chemical inflammation 


Dr Willy Meyer, New York City I am sure that every one of us has the 
feeling that this discussion has been not only impressive, but extremely stimu- 
lating There is still a kind of “lull” in esophageal surgery, principally 
because the roentgen ray and radium have appeared as factors in the treat- 
ment of esophageal carcinoma, and rightly' so, perhaps About three years 
ago, the late Dr Henry H Janeway of New York told us, at one of the 
meetings of the New York Society for Thoracic Surgery, that he had had 
under his care for radium treatment as many as thirty'-five cases of esophageal 
carcinoma at the Memorial Hospital That was in but one hospital 1 It 
is thus easy to see why surgeons at present ha\e comparatively little chance 
to operate for carcinoma of the esophagus The principal reason for the lack 
of confidence m surgery on the part of the medical man seems to be that sur- 
geons cannot yet present to the general practitioner “a series” of patients with 
carcinoma of the esophagus treated and cured by operation Dr Meltzer once 
said, "Gnc the surgeons at least the chance to do the operation, then they 
will gradually deeelop the \arious methods” As has been frequently stated, 
we all haie to continue to work for the early diagnosis of csophagen 
carcinoma I fully concur with Dr Torek’s view, namely, that we ought to 
work transpleurally as well as b\ the mediastinal approach in operations or 
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cancer of the esophagus ” Surgeons approach the kidney from the front and 
from the back Let us always remember that we are at the very beginning 
of this chapter of surgery, and that, therefore, it will take some time before 
we shall be able to determine what is best in the various methods The trans- 
pleural approach certainly gives wonderful access , one can see and find out 
from the start whether or not the case is still operable In one instance, 
the local condition at the seat of the esophageal tumor seemed to me to 
permit of radical removal, yet we found metastatic deposits m the lung This, 
of course, could never have been detected when approaching the esophagus 
by the posterior mediastinal route The success in the transpleural resection 
is, it seems to me, principally a question of correct airtight drainage Moved 
by the pitiful appeal so commonly made by these patients with malignant 
esophageal stricture to give them back the ability to swallow, I was led, in 
two instances of inoperable carcinoma, to divide the esophagus above the 
stricture, inverting the distal stump and transposing the proximal portion 
extrathoracically Both patients stood the operation well and lived for from 
seven to eight days One of them died of pneumonia , in the other, the necropsy 
proved that, with typical airtight drainage employed in the after-treatment, 
the lower portion of the lung had become adherent to the chest wall, while, 
within the upper part of the pleural cavity, there was some accumulation of 
fluid, septic material, which took the life of the patient I only mention 
these cases because we learned from them that it is the “proper drainage of 
the chest” which seems to decide the patient’s fate Again let me emphasize 
that we are at the beginning of this chapter of surgery I, therefore, believe 
that the transpleural, as well as the posterior mediastinal, approach should be 
further tried in this class of cases Gradually, we shall learn when one is indi- 
cated and when the other But w r e certainly should not hesitate, but con- 
tinue to report our experience for the benefit of all interested, even if we 
did not succeed m saving the patient’s life We should state in the litera- 
ture what operation and observation of the case during the after-treatment 
have taught us After all, it seems to me, that at this very moment the final 
effect of radium and roentgen-ray treatment is a question of paramount 
importance There are a few cases on record in W'hich, it is claimed, radium 
caused an esophageal carcinoma to disappear, and the patients are alive 
todav On the other hand, we have Dr Torek’s patient alive today, eight 
jears after operation We have, m his case, the clear proof that a patient 
operated on at a comparatively early stage can reco\er from the operation 
and remain cured Therefore, I say, what is important at the present moment 
is a response from the men who treat these patients with radium and the 
roentgen ray, stating what they have accomplished up to date Then we can 
compare notes It certainly is a real pleasure to hear how members of our 
Association are pushing ahead, and, in spite of roentgen rai and radium 
treatment, are working at the resection of esophageal cancer I had a case 
of tumor of the mediastinum which, to me, was extremely interesting The 
patient was operated on three years ago, when the American College of Sur- 
geons met in New York The anesthetist had great difficulty in introducing 
the catheter for intratracheal insufflation Bloody mucous oozed out of the 
catheter before operation was begun We found a large cystic tumor directh 
.above the diaphragm, which proved to be a cold abscess from a tuberculous 
mediastinal Iv mpliatic gland The patient died with the temperature rising 
to 107 T on the second dav after the operation Xecropsv demonstrated that 
death was due to a most acute pneumonia During the discussion here todav 
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the topic of diaphragmatic hernia was touched on Lately, we had a bab) 
hoy, aged 16 months, at the hospital, with a congenital diaphragmatic hernia 
He had entered with the diagnosis of pneumonia, but, on observation, it 
became evident that we had to deal with a typical intestinal obstruction, and 
that a large portion of the intestinal tract was within the right chest Purga- 
tives had brought no response Although we were almost sure from the clin- 
ical and roentgen-ray examination that we had to deal with a congenital 
diaphragmatic hernia, we decided, after careful deliberation, to open the abdo- 
men first, in order to determine the correctness of the diagnosis When I 
first saw the little boy, he had been in the hospital for three days At first, 
there had been vomiting, but, during the last twenty-four hours, this had 
ceased We opened the abdomen and found pus At the lesser omentum 
we saw pus shining through A very large liver filled out the dome of the 
diaphragm completely, a hernial aperture was not visible In the depth, we 
found a part of the transverse colon, like a small band, but we could not 
move it The coils of the jejunum and ileum were partially in complete 
collapse While following the small intestine from the upper jejunum down- 
ward in order to find the cause of an obstruction m its course, the child 
vomited and died from suffocation, the result of fecal drowning All our 
efforts at resuscitation proved of no avail We continued searching and found 
a large hole in the diaphragm to the outer side of the upper pole of the right 
kidney Having meanwhile obtained permission for a wound inspection, we 
enlarged the diaphragmatic hernial aperture and withdrew from the chest the 
lower ileum, the ascending, and part of the transverse colon In the middle 
of the latter, there was a gangrenous area which had perforated The lung 
was completely compressed and atelectatic, close to the spine I learned 
important lessons from the case, which I shall never forget First, m the 
future, I shall, even in babies and in the absence of vomiting, wash the 
stomach before operation, if there is the slightest suspicion of an intestinal 
obstruction Secondly, in the case of a suspected diaphragmatic hernia, 1 
shall enter the thorax first Had I done this in the present case, we should 
have been able to make a definite pathologic diagnosis “during the life of 
the patient,” and, if the purulent infection present had proved not to be of 
too severe character, I believe there would even have been a chance to help 
the little patient by the operation after the thoracotomy, in spite of the gangrene 
of the colon The case shows that such patients can, for a time, be perfect!) 
well, v r ith functioning of the small and large intestine, although one lung 
is completely compressed The question is, Should they be operated on ? 1 
belie) e they should, if they can be taken in time 

Dr Rudolph Matas, New Orleans Anterior median thoracotomy b) com- 
plete longitudinal division of the sternum for thoracic decompression was 
performed m a case of mediastinal lymphosarcoma, characterized b\ pro 
gressne asplnxial phenomena A decompression operation, performed tor 
purel) palliative purposes, thirty-six days after a preliminar) trachcotom', 
with permanent intubation down to the bifurcation, had failed to relieve the 
patient’s increasing distress Temporary relief was obtained during the opera- 
tion, followed b\ cardiorespiratorj exhaustion and death, four hours after 
the inter) ention The clinical observation, with necropsy findings and com 
mentaries on the \alue of midsternal decompressive thoracotomv as a 
palliative measure in inoperable mediastinal tumors will appear in the ori S‘ r,a 
paper to be published later as a separate contribution to the transactions us 
discussion has, at least, brought out three unpublished cases Thev all con 
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firm the impressions gathered from the literature and from my personal experi- 
ence The idea of decompression as applied to mtrathoracic neoplasms has no 
analogy jn the principle of decompression for the relief of intracranial tension 
This is particularly true of the malignant growths of the mediastinum, which not 
only compress, but penetrate, infiltrate and block the respiratory passages All 
such cases have proved fatal m spite of sternotomy The three new cases of 
complete longitudinal median sternotomy, so interestingly reported by Drs 
Graham, Yates and Hedblom all point to the same conclusion, namely, the 
benefits that may accrue to the patient from median sternotomy for decom- 
pression m inoperable mtrathoracic growths are, at best, only palliative and 
so ephemeral m duration that they scarcely justify the operative risk and 
hardship imposed on these hopeless patients Greater relief can be obtained 
by the free administration of morpliin and other succedanea If only in this 
negatne sense, I believe some good has come of this discussion 

Dr Hermann Fischer, New York City This subject is so extensive that 
it is difficult to summarize it m three minutes I should like to sav, however, 
a few words about the impressions that I have gained from my studies of 
the subject In our hospital, it was only natural to follow Dr Torek’s technic 
on account of the aery beautiful result he has achieved by it, and we still 
believe that the transpleural route as far as exposure is concerned is the 
method of choice Kummel, in Germany, Dr Lilienthal of New York, and 
others who look upon the transpleural approach as too dangerous and pro- 
ducing too much shock, have now turned to the extrapleural method Of 
course, we are still only at the beginning, and we do not know how suc- 
cessful we shall be with this method m the future It seems to me that in 
these extrapleural operations we often start extrapleurally and end with an 
intrapleural operation It seems that all have not been so fortunate as Dr 
Lilienthal in avoiding opening of the pleural cavity If the pleural cavity is 
once opened, we expose it to the same dangers as in the transpleural method, 
but at the expense of room I grant that the transpleural approach is more 
formidable The reflexes from a widely opened pleura are surely not indif- 
ferent The majority of patients are emaciated by the ravages of the dis- 
ease and the shock of the operation is consequently great I have no personal 
experience with the extrapleural approach, and, although I have seen from the 
pictures Dr Lilienthal showed this morning that the approach seems ade- 
quate, I belieie I shall continue to use the transpleural method In mj own 
uork, I ha\e had the misfortune of always receiving far adianced cases, in 
which the seat of disease was mostly near the bifurcation In all cases, I 
succeeded in removing the tumor, but all patients died from shock I behcae 
the best results will be achieaed if the whole esophagus is removed from the 
thorax, because all endeaaors to make a tight suture in the human being 
have been fatal How far the method Dr Miller has suggested will be suc- 
cessful remains to be seen 

Dk How \ri> Linr\THAL, New \ork Citj The skin flap is not neccssan 
The operation ma\ be performed without any skin flap, according to Dr Neuhof, 
who resected the esophagus in the neck in dogs Epithelization occurred 
o\er the raw surface of the area left bj the resection, and the dogs were able 
to swallow In man, I hehe\e an esophagus thus resected would probabh 
close up b\ stricture, though sounding might keep the passage open \n 
operation for resecting cancer 01 the esophagus should not be performed it 
thorough radium treatment has been preuoush employed because ot fibrous 
adhesions to the surrounding organs We ha\e had cases 01 this kind— hope- 
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less after radium because of the presence of this tough periesophageal fibrous 
tissue In cancers of the esophagus m which the patients cough, we must 
perforin bronchoscopy as well as esophagoscopy One of my patients died, in 
whom an endobronchial carcinoma existed unrecognized until necropsy We 
must operate on sick dogs and healthy men if we are to come to a proper 
understanding of the relative advantages of surgical procedures Surgen 
on healthy dogs cannot predict results of similar procedures m starved and 
emaciated human beings In discussing Dr Matas’ paper, I should like to 
mention two instances in which I have performed longitudinal transsternal 
mediastinotomy In one other, I attempted it, but without completing the opera- 
tion In the attempted case, the man was dying, and, on account of obstruc- 
tion to the circulation in the large veins, there was tremendous congestion and 
so much bleeding that I had to desist One successful case was that of a 
retrosternal goiter (Lilienthal, Howard Swg , Gynec & Obst 20 589 
[May] 1915) Another case was like the case of Dr Matas I performed 
the operation with chisel and gouge It is absolutely necessary to divide the 
posterior periosteum of the sternum, and then from \/ 2 to 2 inches of 
separation of the sternal halves will be possible In cases of lympho- 
sarcoma, the tumors nearly always surround the trachea, very probably because 
they start in the vestiges of the thymus In my next case, I intend to cut 
down to the trachea through the tumor I believe this can be done with 
relief of respiratory embarrassment In my case of tumor (angiosarcoma), 
the patient lived for twenty-four days after operation and died following 
severe reactions from injections of Coley’s toxins 



THE DIFFERENTIAL DIAGNOSIS BETWEEN TUBER- 
CULOSIS AND LUNG ABSCESS 

A CLINICAL AND ROENTGENOLOGIC STUDY OF TWELVE CASES 

seen at st luke's hospital* 

LEON T LeWALD, MD, and NATHAN W GREEN, MD 

NEW \ORK 

This brief paper is presented to record our recent experience m this 
class of cases and to promote discussion of this topic Twelve cases 
form the basis of this report Eight patients were operated on and the 
diagnosis established, all of these recovered Four were not operated 
on for lung abscess, and, of these, three recovered and one died 
None of these cases is included m a previous report of ten cases by 
one of us (N W G ) 1 

Following the classic and recent work of Dr Lilienthal 2 and 
Dr Aschner 3 on suppurative infections of the lung, we have employed 
the following classification (1) bronchiectasis, (2) bronchiectatic 
abscess, (3) suppurative pneumonitis, (4) extrabronchial abscess 

As no resections of tissue were made in this senes, we are able to 
say only that we had to deal with a suppurative cavity, m almost all 
instances, discharging pus through a bronchus 

It is probable that extrabronchial abscesses do not long persist as 
such, but sooner or later become connected with a bronchus, so putting 
themselves into Group 2 of the foregoing classification Then they 
become bronchially discharging abscesses In Cases 11 and 12, this 
probably occurred very early Both of these showed large single 
abscesses, with fetid and copious expectoration 

The history of these cases has been either postpneumomc or post- 
operative Two cases followed a tonsillectomy One case followed an 
operation on the gallbladder In none of this series was a foreign 
bodv demonstrated as the cause 

1 he outstanding s} mptom in these cases was a persistent cough with 
piofi.se sputum with a fetid odor, accompanied by a loss of weight 
The sputum in two cases did not hare the fetid odor Trvo cases had 

* Read before the American Association for Thoracic Surgerr \\ ashington 
D C \pril 29, 1922 

1 Green N W Lung Abscess Ann Surg 70 539 (Nor ) 1919 

2 Lilienthal Howard Resection of the Lung for Suppurative Imections 
Ann Surg 75 257 (March) 1922 

3 \schner P \\ The Pathologr ol Lung Suppuration, Ann Surg 75 
521 t March) 1022 
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been of approximately two years' duration and one had lasted but 
twenty-one days The last patient was not operated on and died, 
overcome by the general infection 

Eight cases, on examination of the sputum, showed no tubercle 
bacilli, and, in addition, one case gave a negative Pirquet reaction 
Two patients did not have the sputum examined while at St Luke’s 
Hospital, but the sputum had been previously examined for tubercle 
bacilli by the department of health, New York, with negative results 
One patient who died was acutely ill all the time and had no record of 
examination for tubercle bacilli In his case there was a massive 



Fig 1 (Case 8) — Abscess of the right lung that was regarded as a case 
of pulmonary tuberculosis for a number of years, the patient being treate 
at a tuberculosis sanatorium Roentgen-ray examination revealed the true 
nature of the condition (Fig 2) Operation bj the two-stage method resultei 
m complete cure (Fig 3) 

necrosis of nearly the entire upper lobe No tuberculosis was present 
in am of these twehe cases In three cases, pneumococcus Group E 
was found 

Of the patients that were not operated on for lung abscess, one 
was discharged from the hospital nnprmed, one was cured, and one 
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died One came under observation, but was not admitted to the hospital 
and was cured two months after the onset Of the patients operated on, 
five were improved, and three were reported cured 

Four patients had one operation, and four had two operations 
Three of the latter were two-stage operations The first stage con- 
sisted in packing down to the pleura, and the second stage m opening 



Tig 2 (Oise 8) — Circumscribed ca\ m with fluid le\el and no eudencc of 
tuberculosis 


tlie abscess cat it y 7 nice the lung was opened with the cauter\ In 
one case the abscess discharged into the lung after packing with gauze 
One patient m whom the abscess had been drained, and who had an 
o\ erl\ ing empjema, miprmed and later required a resection of two 
or three ribs to obliterate the residual empjema ca\it\ 
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DIAGNOSIS 

The differential diagnosis lies m the histoiy of the onset, the char- 
acter of the sputum and the absence of tubercle bacilli (one patient spent 
six months in a tuberculosis sanatorium, but tubercle bacilli were never 
found in the sputum) Two other patients had been previously referred 
to the tuberculosis service of the department of health, city of New 



Fig 3 (Case 8) — Disappearance of all evidence of abscess cavity, scion 
months after operation 


York, where, on roentgenographic examination, the diagnosis was cor- 
rected Clubbing of the fingers, to a greater or less degree, is one o 
the frequent physical signs If correctly interpreted, the roentgen 
ograplnc examination is the most reliable means at our disposal in 
differentiating the pathologic condition of the lung 
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REPORT OP CASES 

Case 1— W, woman (patient of Dr Martin), was admitted, Oct 30, 1916 
No tubercle bacilli were found in the sputum A one-stage thoracotomy was 
performed, Jan IS, 1917 The patient was discharged improved She gave a 
history of onset of symptoms, four months before the operation, following pneu- 
monia The temperature on admission was 100 2 F , the white blood count, 
20,000 

Case 2— L, man (patient of Dr Vogel), was admitted, May 20, 1919 No 
tubercle bacilli were found in the sputum He was discharged three months 
after inception of symptoms, without operation, and improved The onset of 
symptoms occurred eight weeks after pneumonia, with cough, spitting of blood 
and pain in the right chest The temperature on admission was 100 F , the 
leukocyte count was 11,000 



Fig 4 (Case 9) — Abscess of the upper lobe of the right lung, following 
laparotomy for gallbladder disease, three months previously The patient had 
presented himself at the clinic of the health department, where a roentgen-ray 
examination disclosed abscess of the lung (Fig 5) and led to operative treat- 
ment and cure (Fig 6) 

Case 3 — O’R, woman (patient of Dr Patterson), was admitted, April 22, 
1920 No tubercle bacilli and no elastic tissue were found in the sputum 
Group IV pneumococcus was present This patient was discharged, two years 
after the inception of symptoms, cured She had been operated on one year and 
two months previously for empyema following pneumonia One year later, 
after catching cold and spitting blood tinged sputum, the patient was read- 
mitted The temperature on admission was 104 F The white blood count 
was 30,000 This case followed pneumonia 
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Case 4— C, woman (patient of Dr Mathews), was admitted, April 17, 
1920 The onset of symptoms occurred fourteen days after tonsillectomy No 
tubercle bacilli were found in the sputum A one-stage thoracotomy was per- 
formed The patient was discharged four months after the beginning of s)mp- 
toms, cured The temperature on admission was 1004 F 

Case S — Mcl, woman (patient of Dr Green), came under observation, 
May 11, 1920 She gave a history of onset occurring six days after tonsillec- 



Fig 5 (Case 9) — Cavity formation with a definite fluid lei el m the ri £' lt 
upper lobe, no ewdence of tuberculosis, patient tilted to right side 

totm A roentgenogram bi Dr Wessler reiealed a lung abscess, 1 inch (?3 
cm ) in diameter, in the right upper lobe, and another roentgenogram, ta 
two months later, after the patient had first come under observation w 
interpreted hi Dr LeWald as reieahng the abscess cured, with some tincke - 
mg The patient was discharged, cured 
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Case 6— S, man (patient of Dr Green), was admitted, Dec 2, 1920, pre- 
senting Group IV pneumococcus Inoculations of a gumea-pig produced no 
reaction One operation, consisting of drainage of the empyema cavity and 
lung abscess, was performed, and later another operation, consisting of resection 
of two or three ribs to close the empyema cavity, was performed The patient 
was discharged, one year and six months after the onset, improved This case 
followed influenza The temperature on admission was 103 6 F The leuko- 
cytes numbered 63,000 



\ Wtt.. rijPBSgJJ 

Fig 6 (Case 9) -The cavity had entirely healed, three months after operation 


Case 7 C , woman (patient of Dr Mathews), was admitted Oct 31 1921 
Examination was negative for tubercle bacilli, but positlye for ’ 
pneumococcus A one-stage operation with drainage „„ f . P 
weeks after a rad.ca. kreas, opera,, „„ „ n „ ght £ ™ 
ct, arsed, two months after thoracotomy, approved Peb , 
uas cured This case followed pneumonia The temn 1 ^ ^ P 
uas 1006 F The leukocytes numbered 17,800 Cmperature on Emission 


Fig 7 (Case 10) — Abscess of right lung, of two years’ duration, the origin 
of which is unknown At the clinic of the health department, roentgen-ray 
examination disclosed abscess of the lung (Fig 8), leading to operation and 
cure (Fig 9) 


Fig S (Case 10) — Abscess of upper lobe of right lung, showing enorin 
size oi cant'v, and fluid leiel, patient tilted to Jett side 
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Case 8— F, man (patient of Dr Green), was admitted in December, 
1921 There was no known cause for the abscess The patient had coughed 
blood previously The sputum was negative for tubercle bacilli A two-stage 
operation was performed for drainage In the second operation, the lung 
was opened by the cautery The patient had acute symptoms, nine months 
before admission Seventeen years previously, however, he was in a tuber- 



Fig 9 (Case 10) -Complete drainage of cavity, two months after operation 


culosis sanatorium, but tubercle bacilli were never found m the sputum This 

“ d ,r1 “T, ® (13li »> -ght, and considers L- 

selt cured (Figs 1, 2 and 3) 

a h^ 9 7 L ’ T (3 f Ient ° f ° r Green) ’ " as admitted ’ J an I- 1922 with 
a , >° f S5 * nptom ® la stmg for three months before admission and following 

a lapirotonn for gallbladder disease The sputum uas negatne for tubercle 
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bacilli when examined by the department of health, New York Operation 
was performed in two stages for drainage The lung was opened with the 
cautery The patient has gained about 25 pounds (113 kg), and is cured 
(Figs 4, 5 and 6) 

Case 10 — D, man (patient of Dr Green), was admitted in January, 1922 
The Pirquet reaction was negative The sputum was negative for tubercle 
bacilli when examined by the department of health, New York Symptoms 
were severe cough, which had lasted for two years previous to admission 


r 



Fig 10 (Case 11) —Abscess of lung following pneumonia, showing enor- 
mous cavitv involving the left upper lobe, with two distinct fluid levels, owing 
to the difference in density of the material in the cavity This closclj resem es 
the test usuallv made of the sputum when it separates into two or three avers 
m a glass 

Operation was performed in one stage for drainage The patient 
improved The origin of the condition was not determined The tempera i 
on admission was 994 F (Figs 7, 8 and 9) 



LeWALD-GREEN— TUBERCULOSIS 


313 


C\se 11 — D M (patient of Dr Martin), was admitted, March 20, 1922 
He was acutely ill all the time There was massive necrosis of almost the 
entire upper lobe No examination of sputum for tubercle bacilli was made 
He died three weeks after inception of the trouble, which began as pneu- 
monia (Fig 10) 

Case 12 — N, woman (patient of Dr Green), referred by Dr Bastedo, was 
admitted in April, 1922, three weeks after a tonsillectomy A two-stage oper- 
ation was performed for drainage, and the abscess was opened by packing 
gauze into the lung on the abscess Examination of sputum was negative for 
tubercle bacilli The operation was performed three weeks after the onset, 
and the patient is still improving and is still in the hospital ward, improved 
Our thanks are due to Dr Patterson, Dr Mathews Dr Bastedo and Dr 
Martin for allowing us to include their cases among these in this paper, and 
to Dr D E Ehrlich for referring three valuable cases to us 



LUNG ABSCESS f ’ 


A L LOCKWOOD, MD 

TORONTO, ONT 

I shall include under the heading abscess of the lung all types and 
degrees of abscess, except those due to tuberculosis and bronchiectasis, 
and all degrees of gangrene of the lung except a massive gangrene 
involving an entire lobe or lung Because localized gangrenous abscess 
is so difficult to differentiate from a pure pyogenic abscess, symptom- 
atically, and even at necropsy, and because it is usually impossible 
to determine whether one has supervened on the other or preceded it, 
I shall consider the so-called gangrenous abscess as a type of lung 
abscess per se rather than as a distinct entity 

There are few conditions which, arising often from such trivial 
and preventable causes as does abscess of the lung, so quickly and 
completely incapacitate a person, rendering him a burden to himself, 
his friends and to society The progressive weakness, the distressing 
cough, the long convalescence and, above all, the foul smelling and 
tasting sputum, break the morale of the stoutest patient and present 
one of the most difficult conditions to treat 

HISTORY 

The history of lung abscess should be read at length by those 
interested m its treatment Hippocrates 1 recognized the condition 
and pointed out that at times the abscess burst into a bronchus and was 
spat up, and that occasionally it ruptured into the pleural cavity, 
necessitating drainage 

Since his time, medical literature has abounded in recorded cases of 
lung abscess Drainage by cautery puncture, intercostal stab and 
thoracotomy has been employed since the earliest times Antiseptic 
injections and irrigation through the bronchial tree have been pi no- 
ticed There have been alternate periods of active surgical treatment 
and of a return to more palliative measures 

A decided adaance was made in 18S5 when Gluck, Schmidt Block 
and Biondi 2 showed, for the first time, that partial resection of the 

* Read before the American Association for Thoracic Surgerj, Washington, 

D C , -\pril 29, 1922 

1 Hippocrates, quoted b\ Koch Historisches uber die clnrurgische Bchirv 
lung der Lungencai ernen, Berl hhn Wchnschr 11 194-196, 1874 

2 Gluck Schmidt Block and Biondi Die Entu ickelung der Lunccn 
chtrurgie, *\rch f klin Chir 83 581-601, 1907 
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lungs was possible in animals In 1894, for the first time, pneumothoi ax 
was employed for the treatment of a tuberculous abscess, by Forlamni 3 4 
Tuffier, Garre and Quincke did a great deal toward stimulating 
the more logical study of the condition McKewan’s total extirpation 
of a lung, under chloroform anesthesia, should have marked an epoch 
m thoracic surgery, but, unfortunately, it seems to have been overlooked 
by the profession at laige Murphy, 1 in his address on thoracic surgery, 
m Denver, m 1898, was twenty years ahead of his time Sauerbruch, 
Meyei , Lilienthal, Robinson and man}'- others have made most valuable 
contributions to the subject 

ETIOLOGY 

The predisposing and direct causes of this condition are well 
recognized by all members of this society Particularly, I would 
emphasize the incidence of lung abscess following operation m the region 
of the nose and throat when a general anesthetic has been employed 
In these days when tonsillectomy is so lightly advised and so frequently 
employed, it should be pointed out to the profession that lung abscess 
is not a rare sequel, nor one lightly to be entertained It should be 
appreciated that it has occurred almost entirely m patients operated on 
under general anesthesia Richardson, 5 in 1912, first pointed out this 
phenomenon Bassm, 6 in 1913, collected the reports of sixteen cases 
following tonsillectomy under general anesthesia Manges 7 saw nine 
cases in one year at Mount Sinai Hospital Wessler 8 states that 28 
per cent of the cases of lung abscess seen in the l oentgenographic 
department of Mount Sinai Hospital were due to tonsillectomy Pot- 
tenger 9 repoited having seen, m eighteen months, twenty cases following 
tonsillectomy Of thirty-two lung abscesses reported by Whittemore, 10 

3 Forlamni, C Em Fall von seit sechs Jahren bestehendem durch kunst- 
hchen Pneumothorax behandeltem Lungenabszess, Munchen med Wchnschr 
47 124-129, 1910 

4 Murphy J B Surgery of the Lung, J A M A 31 208 (July 30) 1898, 
ibid 281 (Aug 6) 1898, ibid 341 (Aug 13) 1S98 

5 Richardson, C W Complications of the Operation for Removal of 
Tonsils, Laryngoscope 23 667-678, 1913 

t ® Bassm, C G Les complications broncho-pulmonaires consecutnes a 
1’adenoidectomie et a l’amjgdalectomie, Paris, Muller, 1913 

7 Manges, M The Occurrence of Abscess of the Lung After Tonsil- 
lectorm , with a Report of Nine Cases m Adults, Am J Sure 30 78-83 
(March) 1916 

S Wessler, H Suppuration and Gangrene of the Lung A Stud\ of 
One Hundred Cases, J A M A 73 1918 (Dec 27) 1919 

9 Pottenger F M Points of Differential Diagnostic Value in Pulmonary 
Abscess, Bronchiectasis and Pulmonan Tuberculosis, with an Explanation of 

50 9 -510 U (Oct f ) tl 1919 )lfterCI1Ce ,n AUSCUltat ° ri Fmdin S s > Am J Med Sc 158 

10 ?!° Wluttcmore - W Lwil S Abscess, Surg Clinics N Am 1 765-784 (June) 
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m 1921, seventeen followed tonsillectomy Of fifty-four cases that 
came to the Mayo Clinic, sixteen were due to tonsillectomy Of 208 
collected cases of lung abscess following tonsillectomy, we find only 
seven in which operation was performed under local anesthesia 
Twenty-five thousand tonsillectomies have been performed at the Mayo 
Clinic under local anesthesia, and only one lung abscess has occurred 
That was a terminal process in a pyemia and should not be considered 
as a true post-tonsillectomy lung abscess Surely this is irrefutable 
evidence that the abolition or slowing of the pharyngeal reflex under 
general anesthesia, by allowing inhalation of infected debris, is the 
important factor in the etiology A fractional percentage of the lung 
abscesses following tonsillectomy are embolic m origin, but the great 
majority are due to aspiration of the caseous, bactena-laden content 
of the tonsils 

Contrary to textbook dictums, lung abscess is a rare sequel of lobar 
pneumonia It is probably more common following bronchopneumonia 
Aspiration of foreign bodies accounts for a certain percentage of 
abscesses A few follow traumatism Emboli from a distant focus, 
such as an infected middle ear or a thrombosed lateral sinus, is a 
definite cause A few develop from pulmonary embolus 

Time will not permit me to go into the morbid anatomy, pathology 
and bacteriology of the disease further than to point out a working 
classification into large and small, single and multiple, acute and 
chronic, simple acute and acute gangrenous and simple chronic and 
chronic putrid types It might also be pointed out that no analogy can 
be drawn between abscess in the lungs and in any other part of the body 

LOCATION OF ABSCESSES 

It is important to realize that lung abscess occurs about two and 
one-half times as often on the right as on the left side, and about 
twice as often in the lower lobes as in the upper The exact location 
varies, however, with the etiology About 80 per cent are peripherally 
situated and about one-fourth are multiple, but in most cases confined 
to the same portion of lung 


SYMPTOMS 

The symptoms -vary with the etiology, the general resistance of the 
patient, the duration of the disease and the extent of pulmonan 
imohement 

When cough, dyspnea, pain in the chest and the raising of fou 
sputum are added to the disease or are prolonged after the period that 
the ordinary affection of the lung or respiratory tract usually per-i>t'. 
abscess should be suspected Following tonsillectomy' and other opera 
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Hons about the nose and throat, foul expectoration is usually produced 
between the tenth and fifteenth days 

Regardless of the cause, loss of appetite, progressive loss of weight, 
emaciation, general weakness, pallor, productive cough, foul sputum, 
pain m the chest, variable dyspnea, fluctuating temperature and leuko- 
cytosis characterize the disease Clubbing of the fingers and watch 
crystal nails occur The hemoglobin is reduced m chronic cases In 
most cases, the red count is low Rigors occur at some stage Fifty 
per cent of patients have blood m the sputum at some time during 
the course of the disease In our cases, it was rare to find elastic tissue 
in the sputum, though it is usually considered the sme qua non of 
the disease 

The atypical and recurrent types of the disease must be borne 
m mind 

Location of Abscess 


Location 

Patients 

Per Cent 

Right side 

381 of 537 

71 

Left side 

156 of 537 

29 

Upper lobes 

157 of 447 

35 

Lower lobes 

266 of 447 

60 

Middle lobe 

24 of 447 

5 

Right upper lobe 

40 of 193 

21 

Middle lobe 

24 of 193 

12 

Lower lobe 

67 of 193 

35 

Left upper lobe 

13 of 193 

7 

Left lower lobe 

49 of 193 

25 

Acute 

95 of 221 

43 

Chronic 

126 of 221 

57 

Peripheral 

56 of 71 

79 


DIAGNOSIS 

It is a disease of symptoms rather than physical signs The diagnosis 
depends on the history, the roentgen-ray findings, examination of the 
sputum and the general physical examination On an accurate history, 
only the majonty of lung abscesses can be diagnosed The affection is 
three times as common in males as m females It may occur at any 
age, but occurs usually between the ages of 25 and 40 years While 
a careful physical examination is necessary, thorough fluoroscopic 
examination and stereoscopic roentgenograms are essential Roentgeno- 
giaplwc examination selves to differentiate tuberculosis, bronchiectasis, 
empvema, cysts, gangrene, malignancy , aneurysm, etc 

Needling of a pulmonary abscess as a diagnostic method is mentioned 
only to be condemned 

1 lie bronchoscope should be used, especially if there is any 7 question 
of the patients haling aspirated something, and, in any 7 case if the 
abscess is not draining freely 7 through a bronchus 
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COMPLICATIONS 

The complications may be many and may be more senous than the 
disease Cerebral embolus and pulmonaiy hemoirhage are especially 
senous 

PROGNOSIS 

The prognosis must be guarded, depending on the cause, the extent 
of lung involvement, the complications, the patient’s geneial resistance 
and the treatment adopted Abscesses following tonsillectomy ofter 
a more favorable prognosis than those following aspiration of foreign 
bodies, such as pieces of metal, kernels of corn, and so forth Metallic 
bodies have some inherent property of producing gangienous abscesses 
Abscesses due to bronchopneumonia are so often multiple that the 
prognosis is unfavorable Embolic types are usually senous Apical 
abscesses are more favorable than those located in the middle or 
lower lobes 

TREATMENT 

Every patient should be given a thorough trial on medical legunen, 
with postural drainage, before other methods of treatment are adopted 
One should persevere with patients until some position is found in 
which free bronchial drainage is established Once this position is 
found, the necessity of frequently assuming this position in order to 
keep the cavity empty should be carefully explained to the patient 

Inhalations should be employed, not so much for their curatne 
effect per se as to offset the odor, thereby improving the patient's mental 
outlook and his desire for food The careful use of the bronchoscope 
to dilate the mam bronchus leading from the abscess, thereby facilitat- 
ing postural drainage, might be advisable 

If, after a fair trial of this method, the temperature is still elevated 
and the patient is not eating better, is not coughing less or producing 
less sputum and is not gaming generally, other measures should be 
considei ed 

Artificial pneumothorax should be tried for the small encapsulated 
abscess not connected with a bronchus, and perhaps for the ordmar) 
long-standing, well localized abscess 

The indications for operation are 

1 Operation should be undertaken for all patients who, after a 
thorough trial of medical treatment are no longer improving or holding 
their own 

2 Early operation is advisable m all cases of fair sized patent 
canties surrounded by markedly fibrosed or calcareous walls 

3 If pneumothorax fails to effect a cure in the small encapsulated 
abscess not connected v ith a bronchus, operation should be undertaken 
early 
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4 After thorough medical treatment to put the patient m the best 
possible condition for operation, surgery should be resorted to in all 
patients m whom an abscess surrounds a foreign body embedded m the 
parenchyma, or m whom a foreign body lodged m a bronchus cannot 
be removed through a bronchoscope 

5 Operation is advisable in patients with a very large cavity, 
producing large amounts of fluid, m whom the danger of drowning 
themselves m their own sputum is to be feared 

Swgical Tieatment — Resection and direct drainage should be 
employed in patients who are very dangerously ill In patients who 
will stand it, a thoracotomy should be performed The abscess or 
abscesses should be localized by thorough palpation It, or they, should 
be marsupiahzed, and at the earliest possible moment closed over with 
skin flaps from the chest wall Bearing m mind the relative position 
of the lobes, the incision should be planned m such a way as to allow 
direct and easiest access to the area involved 

Resection en masse of a small, completely encapsulated abscess and 
of a portion of the lung with a foreign body implanted m it is the 
method of choice 

The danger of postoperative hemorrhage, empyema and cerebral 
emboli should be avoided 

MORTALITY 

In adults, the mortality rate m recorded cases has averaged 58 
per cent after medical treatment and 35 per cent m those treated 
surgically In children, it has been much higher 

Of fifty-four patients whose cases I have recently reported, twenty- 
seven were treated surgically and twenty-seven medically Forty-nine 
were chronic cases The average duration of symptoms was nineteen 
weeks before examination Twenty-five were of the type classed as 
gangrenous abscess In sixteen, the complications were almost as serious 
as the disease itself Of the twenty-seven patients treated medically, 
sixteen were cured, three improved, five not improved and three are 
dead Of the twenty-seven patients treated surgically, thirteen are 
cured, three improved with fistulas, and eleven are dead Analysis 
of the eleven deaths reveals the extent of the disease before coming 
foi treatment, and the impossibility of averting death m a certain 
percentage of long neglected cases 

The gieatest danger m medical treatment is that the time is not 
recognized when medical treatment should give way to surgical 

CONCLUSIONS 

1 Contrar) to the opinion of the early w nters that abscess of the 
lung is a common sequel to lobar pneumonia a survey of the reported 
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cases of the last century would lead one to conclude that it is a 
rare sequel 

2 By lowering the resistance m the lung tissue itself, lobar pneu- 
monia, bronchopneumonia and influenzal pneumonia predispose the 
patient to the development of lung abscess following pyogenic infection 

3 Lung abscess occurs more often betwen the ages of 25 and 40 
It is three times as common in males as in females , it occurs two and 
one-half times as often on the right side as on the left, and about 
twice as often in the lowei lobe as m the upper Three out of four 
cases are peripheral and involve the pleura, and one out of four 
is multiple 

4 It must be borne in mmd that, recently, a high percentage of 
lung abscesses have been the result of neglect or mismanagement on 
the part of the nose and throat surgeons, the oral surgeons and the 
dentists Such neglect or mismanagement is manifested in the selection 
of the anesthetic, in not keeping the patient’s head low and m not 
taking sufficient precautions to prevent the patient from inhaling foreign 
matter Such a sequel may be avoided by (1) employing a local 
anesthetic whenever possible in suigery of the mouth, nose and throat, 
and in teeth extraction , (2) keeping the head low during such opera- 
tions if a geneial anesthetic is employed, until the patient has thorough)} 
moused from it, (3) taking care to p i event blood and mucus from 
accumulating m the throat and being aspirated, and (4) better hemo- 
stasis in such work 

5 The diagnosis depends on the history, the amount and nature of 
the sputum, the roentgen-ray and physical examinations 

6 A study of results in these cases has led me to conclude that 
surgery should not be employed so soon as the diagnosis has been made, 
except as indicated The mortality has been unnecessarily high m 
many instances Instead, thorough medical treatment, with postural 
rest and drainage, should be instituted When this fails, pneumothorax 
should be produced in selected cases, and surgery resen ed for those 
patients who do not respond to the other two methods 

7 The exploratoiy needle should not be employed 

S When surgerj is decided on, paravertebral and local anesthesia, 
if necessary with gas and oxygen, should be used , and in the majority 
of patients a more deliberate, extensive and logical operation should 
be planned than resection of the chest wall over the abscess, and cautcr} 
or blunt puncture of the abscess 

9 If the patient’s condition is such that extensile operation would 
imohe too much risk, resection, blunt puncture and exploration of the 
abscess with the finger should be the limit of surgery 

10 The surgeon ph}Sician and roentgenologist should be mtimateh 
associated m making the diagnosis and m the care of these patients 



THE SURGICAL TREATMENT OF BRONCHIECTASIS 

WITH A REPORT OF THREE CASES OF REMOVAL OF 
A LOBE Or THE LUNG * 

EVARTS A GRAHAM, MD 

ST LOUIS 

Existing methods of treating bronchiectasis aie far from satis- 
factory In general, the radical methods are associated with a high 
mortality, and the less ladical ones accomplish little Improvements 
will come probably through accumulated experience With the view of 
adding to the total of recorded experience, three cases are here presented 
Various measures which have been used are (1) pneumotomy, with an 
attempt to dram a cavity, (2) thoracoplasty, (3) ligation of branches 
of the pulmonary artery, a method suggested by Sauerbruch 1 to pro- 
duce slumkage of the affected portion of the lung, (,4) artificial 
pneumothorax, (5) partial pneumectomy It is evident that three 
geneial principles underlie all of the methods of treatment enumerated 
above These are drainage, compression or shrinkage, and excision 
Some cases which are associated with a foreign body m the lung will 
show great improvement after its removal, especially if it is lodged 
m one of the larger bronchi and if it can be removed through a 
bionchoscope Here again, howeier, we are dealing with a method 
which probably owes its success largely to drainage 

In any advanced case of bronchiectasis, the bronchioles and some 
of the larger bronchi are not only enormously enlarged, but their walls 
are also greatly thickened by fibrosis, as a result of long-standing 
inflammation It would seem unlikely, therefore, that much could be 
expected either from the establishment of open drainage or from any 
procedure which was aimed at compression of the aftected portion of 
the lung Open drainage m such cases, with the creation of a bronchial 
fistula, will frequently dimmish the amount of sputum and will give 
some relief, but I have never seen a patient made well by such a 
method In fact, it would seem difficult to understand how complete 
healing could occur It is probable that cases of patients reported as 
made well by such a method ha\e really been lung abscess rather than 
bronchiectasis Methods based on the principle of compression or 

* From the Department of Surgery, Washington University School of 
Medicine 

Read before the American Association for Thoracic Snrgerc, Washington, 
D C, April 29 1922 

1 Sauerbruch Die Bronchiectasen Cong de la Soc Internat de chir Rap 
1911, p 200 
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shrinkage of the lung cannot be expected to accomplish much in 
advanced cases because of the extreme fibrosis of the affected bronchi 
In fairly early cases, however, compression with artificial pneumothorax 
will sometimes yield excellent results Dr J J Singer and I now 
have under observation a patient who has gamed more than 50 pounds 
(22 7 kg ) m weight and who has been free from all symptoms for 
more than a year as a result of using artificial pneumothorax at 
intervals This case may be one of bronchiectatic abscess of the type 
so designated by Lihenthal 2 and by Aschner 3 Sauerbruch’s method 
of ligation of branches of the pulmonary artery obtained results which 
were certainly not strikingly successful The method does not seem 
to be a good one In another case, Dr Singer and I saw a tempoiary 
beneficial effect following an exploratory operation and a paitial 
thoracoplasty consisting of the extensive removal of three ribs over the 
affected lobe 

If the case is one m which there is a more or less general dilatation 
of the bronchi and bronchioles in a lobe, probably the only procedure 
which, on rational grounds, can be expected to give complete relief is 
extirpation of the diseased portion This implies usually the extirpation 
of at least one lobe, for the reasons that most often the rvhole lobe 
is affected, and also that it is generally easier technically to remove the 
whole lobe than it would be to attempt to find only the portion which 
might be involved Unfortunately, however, lobectomy has been asso- 
ciated with a high mortality, and the results have not always been 
satisfactory even when the patient has survived the operation Less 
radical measures than lobectomy, howevei , have also been unsatisfactory 
and have likewise been associated with high mortalities Summaries of 
results from the literature are likely to be confusing because, probably 
m many cases, there has been no sharp differentiation between a case of 
lung abscess which was communicating with a bronchus and a case of 
bronchiectasis This must have been so particularly before the use of 
the roentgen ray 

Quincke 1 summarized fifteen cases treated almost entirety b\ 
incision into the lung Of these patients, one was entirely healed , six 
(40 per cent ) were improved, two (13 per cent ) remained unhealed, 
and six (40 per cent ) died as a direct result of the operation Thus, 
53 per cent were either unhealed or died Tuffier's 4 compilation of 
results is g nen in Table 1 

2 Lihenthal Howard Resection of the Lung for Suppuratne Infections, 
with a Report Based on Thirt\-One Operative Cases in Which Resection was 
Done or Intended, A.nn Surg 75 257 (March) 1922 

3 \schner P W A Pathological Studv of the Material. \nn Surg 7a 
31S (March) 1922 

4 Quoted b\ Sauerbruch Footnote 1 
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Sauerbruch, 1 m 1911, found that of 123 patients with bronchiectasis 
who were treated by pneumotomy, forty (33 per cent ) were said to 
have been healed, seven (6 per cent) were improved, thirty-three 
(27 per cent ) were unhealed, and forty-three (35 per cent ) died 
Heidenham 5 seems to have been the first to undertake deliberately 
the removal of a lobe of the lung for bronchiectasis He successfully 
removed the left lower lobe after two previous operations had been 
performed for drainage A permanent bronchial fistula remained, how- 
ever In 1914, Willy Meyer 6 found that sixteen cases had been 
reported in which pneumectomy had been performed for bronchiectasis 
Of this number, eight patients were classed as cured or improved, and 
eight died In 1915, he reported the case of another patient on whom 
he operated successfully Robinson, 7 in 1917, reported seven cases with 
three deaths It is uncertain, howevei, how many of these cases were 
entirelj successful from the standpoint of freedom from symptoms, 
complete healing, etc Lilienthal 2 has recently contributed a summary 
of his very remarkable experience This work constitutes the largest 


Compilation of Results Obtained by Tuffier 


Operation 

Cases 

Improved 
or Healed 

Died 

Mortality, 
Per Cent 

Pneumotomy 

38 

28 

10 

26 3 

Pneumectomy 

1 

0 

1 

100 

Thoracoplast) 

1 

0 

1 

100 

Puncture (trocar) 

5 

3 

2 

40 


single experience with lobectomy m bronchiectasis which has been 
leported by any surgeon Although his article deals with thirty-one 
cases of suppurative infections of the lung m which resection was 
eithei performed or intended, it deals actually with twenty-one cases 
diagnosed as bronchiectasis m which a resection of a portion of the 
lung was performed Of this number, seven patients (33 per cent ) 
were reported as well, twelve (57 per cent ) died, and, of the remain- 
ing two patients, one was reported as convalescent and the other as 
still having cough and expectoration Also, one of the patients classified 
as well still had a small fistula 


5 Heidenham Migedehnte Lungenresehtion vegen Zahlricher eiternder 
Bronchichtasen m emen l nterlappen, Verhandl d deutsch Gesellsch f Chir 
30 636, 1901 

6 Meier, Wilh On Bronchiectasis, Tr Am Surg A 32 592, 1914 

p Robinson, Samuel The Surgerj of Bronchiectasis , Including a Report 
oi Tne Complete Resections of the Lower Lobe of the Lung, with One Death, 
Surg Guiec & Obst 24 194 (Icb) 1917, The Resection of the Lobes of the 
Lung Discussion, J V M 4 69 355 (Mig 41 1917 
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Including the three cases of my own reported here, it becomes 
evident that the literature contains reports of forty-eight cases of 
bronchiectasis m which resection has been performed Of this number 
twenty-five patients have died, presumably as a result of the operation, 
a total operative mortality, therefore, of 52 per cent Probably, how- 
ever, isolated fatalities have occurred here and there which have not 
been reported, so that the operative mortality has perhaps been actually 
higher than 52 per cent Furthermore, not all of the patients that have 
survived the operation can be considered well In 1917, Smith and 
Mudd 8 carefully analyzed the cases reported up to that tune, and they 
considered that only three could be regarded as complete successes, two 
of Lihenthal’s and one of Robinson’s It would appear now, however, 
that m six cases of Lihenthal’s complete series there have been perfectly 
satisfactory results and in one of my own This then would make eight 
complete successes out of forty-eight cases in which resection has been 
performed In other words, in only 17 per cent have complete suc- 
cesses occurred 

The natural query, therefore, is Should the operation be considered 
a justifiable one 7 I believe that it is justifiable in properly selected 
cases, because the misery of many of those afflicted with the condition 
is beyond description In most of the advanced cases, the patients are 
social outcasts, unable to find employment or to enjoy ordinary human 
associations To many of them, death would come as a welcome relief 
from their misery, and, indeed, some of the patients threaten suicide if 
they cannot be given relief In a senes of twenty-one cases of bronchi- 
ectasis studied by Dr J J Singer and myself, no less than six patients 
have implored us to perform a resection m spite of being fully informed 
as to its dangers In three of the cases, we have refused because we felt 
that the proper indications for the operation were not present More- 
over, almost certainly the operation will become safer with improved 
technic Present methods will be supplanted by improvements which 
will greatly reduce the mortality 

What are the indications 7 There seems to be a rather general 
agreement that at present, in the undeveloped state of the technic of 
resection, the most important indications are ( 1 ) failure of more con- 
servative methods, (2) age, not too advanced, preferably under 3o 
years, (3) restriction of the process to one lung, and preferably to 
one lobe, (4) absence of other conditions which would thcmsehes 
greatly increase the hazard of the operation, (5) performance of the 
operation b} one who is experienced m thoracic surgen , a tjro 
almost sureh fail 

8 Smnh, E and Mudd, H A. Modifications Method of Pncumotoim 
tor Bronchiectasis, Tr A Am Pins 32 313, 1917 
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What sort of lobectomy shall be performed ? There are, m general, 
two methods of approach to the lung, one through an intercostal incision, 
and the other after a preliminary resection of ribs The former method 
has been used extensively by Lilienthal in performing a one-stage 
resection, and the latter was used by Robinson in the performance of a 
multiple-stage resection The advantage of the former method is that 
it leaves less deformity, but its disadvantages are that it does not 
provide so good an opportunity for a multiple-stage operation and 
often does not afford so good an exposure as the latter The details of 
the technic of each method have been described by Lilienthal 2 and by 
Robinson, 7 respectively 

The causes of the high mortality from a resection of part of the 
lung m cases of bronchiectasis are many They seem to be either 
immediate or late Of the immediate causes, the chief seem to have 
been respiratory failure, cardiac failure, hemorrhage and shock 
Respiratory failure is not likely to occur if there are strong adhesions 
between the unaffected lobe on the side on which operation was per- 
formed and the chest wall, or if care is taken not to have too large a 
fiee opening These findings are in accord with former work done 
by R D Bell and myself, 0 m connection with the mechanics of open 
pneumothorax Diminishing the size of the opening by the use of gauze 
compi esses or by delivering the lobe outside will usually overcome any 
respnatory embai assment which may occur during the operation After 
the opeiation, it is desirable to exclude the free entrance of air by 
applying a fan ly firm pad of dressings over the wound This procedure 
will tend to minimize the dyspnea which may occur immediately after 
the operation It seems to me that one of the advantages of a multiple- 
stage operation is that it is possible at one stage to create adhesions 
between the unaffected lobe and the chest wall before proceeding to the 
resection of the affected lobe Robinson showed that, by packing gauze 
aiound the affected lobe, adhesions will be produced between the other 
lobe and the chest wall, which will be sufficiently firm m a week or ten 
days to permit the resection without breaking up the desired adhesions 
I have found, however, that sometimes a longer time is required In 
ordei to be sure, therefore, of firm adhesions, a period of about two 
weeks should elapse Respiratory failure during the operation, even in 
a rase w lthout adhesions, may be minimized also by a proper kind of 
anesthesia To accomplish this, the anesthetic may be given through a 
c uheter into the pharynx, with a little pressure supplied by a foot 

q Graham, E \ and Bell R D Open Pneumothorax Its Relation to 
the Treatment of Empjenn, Am J M Sci 56 839 (Dec) 1918 Graham, 
E \ The Importance of the Vital Capacitv tn Thoracic Surger\ JAMA 
75 992 (Oct 9) 1920 
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bellows or a mechanical pump, or, if gas is used, a tightly fitting face 
mask will accomplish a perfectly satisfactory inflation of the lungs 
My own choice for mtrathoracic work is the latter method 

The sudden cardiac failure which sometimes occurs m these opera- 
tions is pel haps partly due to manipulation of the heart and sudden 
changes m its position Almost invariably after the operation, the pulse 
rate becomes high, a rate of 150 is not uncommon To combat this 
high pulse, Lihenthal has recommended that digitalis be given in suf- 
ficient amounts before the operation and over a long enough period of 
time to obtain a good digitalis effect Serious hemoirhage is not a 
common complication , but, nevertheless, it is wise, before the operation, 
to make all necessary arrangements for a transfusion of blood 

COMPLICATIONS 

Of the late complications of the operation, infection is most serious 
It is this complication which probably is responsible for most of the 
deaths Infection seems to be unavoidable At least, for the sake of 
safety, in each case, infection should be expected and provision made 
for drainage The stump of the lung after the resection always con- 
tains virulent bacteria, and there is no method by which it can be 
sterilized So far as I am aware, every case has developed a bronchial 
fistula if death did not occur too soon This, however, has usually 
closed spontaneously Efforts, therefore, should be directed toward 
minimizing the effects of infection If only a small portion of the 
pleural cavity becomes infected, the results will be less senous than 
if practically the whole pleural cavity is exposed This fact, to my 
mind, constitutes another important reason for not performing a resec- 
tion m the presence of a free pleural cavity It serves to emphasize the 
importance of having part of the pleural cavity first obliterated by the 
creation of adhesions between the unaffected portion of the lung and 
the chest wall This constitutes, it seems to me, an argument in favor 
of an operation based on the principles of the one devised by Robinson 
For, b} r a multiple-stage operation, it is possible to create adhesions at 
the desired places by temporarily packing m gauze at one stage of the 
operation In Case 2, I believe the result might ha\e been different 
if strong adhesions had existed between the unaffected portion of the 
lung and the chest wall, so that that portion of the pleural canty would 
have been obliterated The presence of sufficiently strong adhesions to 
obliterate the portion of the pleural canty occupied by the unaffected 
portion of the lung is desirable, both from the standpoint of minimizing 
respiratory difficulties and of minimizing infection 

The mediastinal space is also likely to be infected in some ca s e- 
This mav be due in part, to a retraction of the stump of the bronchus 
if care is not taken to avoid it In mi three cases, I attempted to a\oid 
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it by leaving clamps on the pedicle, the handles of which projected from 
the wound and firmly anchored the root of the lobe for about four 
days, until adhesions could form Lihenthal has left his ligatures long, 
so that they could be brought out of the wound and anchored Infection 
may also spread into the pericardium, and there may also be a 
severe infection of the remaining portion of lung as well as of the other 
lung Here again, it would seem possible to create a leukocytic wall of 
defense m the pericardium and the mediastinal pleura before exposing 
these structures to contamination by the contents of the stump of the 
bronchus It is to be expected that such a result would occur as an 
eftect of the gauze packing introduced m a stage preliminary to the 
resection, for the purpose of creating adhesions between the unaffected 
portion of lung and the chest wall Another point of importance m 
connection with the question of infection is the amount of necrotic tissue 
present In order to avoid the danger of late hemorrhage from the 
stump, it is wise to leave a considerable portion of lung tissue (from 
0 5 to 1 cm ) beyond the ligatures or the damps Unless provision for 
adequate drainage is made, this necrotic tissue, harboring various ana- 
erobic organisms, will become a serious menace In view of the more 
recently developed chemical theories of shock (compare summary by 
Cannon 10 ), necrotic tissue must be regarded as constituting a serious 
menace to life if its products can be absorbed 

It would seem to be desirable to use early and frequent irrigations 
with surgical solution of chlorinated soda (Dakin’s solution) m order 
both to inhibit the development of infection and to hasten the separation 
of the necrotic tissue There are certain difficulties, however, connected 
with its systematic use m all cases For the first day or two, these 
patients are likely to be extremely uncomfortable, and it seems doubtful 
how wise it is to subject them to even the slight disturbance associated 
with the systematic use of irrigations by the Dakm-Carrel method 
Later, a bronchial fistula develops, and then it is difficult to avoid flood- 
ing the bronchus with the solution 

Progress m the technic of resection of the lung will probably come 
about largely through development of methods which will minimize the 
inevitable infection Any procedure which will permit the easy and 
safe creation of firm adhesions between the unaffected portion of lung 
and the chest wall will serve greatly to reduce the mortality of the 
operation, for the double benefit of a minimum of pleural cavity to be 
infected and a minimal amount of respiratory disturbance during and 
immediately after the operation will result 

Records of three cases are presented m which lobectomy has been 
performed The essential features of the operative procedure are given 

10 Cannon, W B Studies m Experimental Traumatic Shock IV Ewdence 
of a Toxic Factor m Wound Shock Arch Surg 4 1 (Jan ) 1922 



328 


ARCHIVES OF SURGERY 


m the respective case reports In each case, the anesthesia was produced 
by nitrous oxid and oxygen, through a closely fitting face mask, pre- 
ceded by a hypodermic injection of morphm, 14 gram (00162 gm ), 
and atropm, % 00 gram (000065 gm ) After the operation m each 
case, morphm was given freely to control the pain 

REPORT OF CASES 

Case 1 — A ooy, aged 17, entered Barnes Hospital, Nov 1, 1920, referred 
to me by Dr J J Singer, who had made a diagnosis of bronchiectasis involving 
the left lower lobe For fifteen years, the patient had had a chronic cough 
For the last two years, this had been worse and had been accompanied by 
expectoration of a large amount of offensive sputum This amounted to nearly 
a pint of sputum a day It was usually yellowish green and occasionally 



Fig 2 (Case 1) — Patient, six weeks after operation A bronchial fistula 
was present at this time 


streaked with blood There had been no active hemorrhage There was no 
pain The appetite was good The patient had learned to free himself o 
sputum by bending over Coughing started the how, which continued until the 
sputum was expelled He had been treated, about a year previously, m tic 
Jewish Hospital by Dr Sale, who made a pneumothorax on the left side He 
received no benefit from this treatment and stated that he felt worse is i 
result of it, because since then he had had pain in the chest He had spent 
several months m Colorado without result His sputum had been examine^ 
repeatedlv for tubercle bacilli with negative results He had lnd meisl a at 
5 years of age and whooping cough at 6 years There was no evidence or 
pneumonia at the time of the onset of the chronic cough beginning it t ic 
age of 2 




Fig 1 (Case 1) — Left lower lobe from Case 1 after resection Almost 
e\ery bronchiole is enormously thickened and dilated The cyanotic color of 
the lobe is characteristic 
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Examination — The patient was fairly well nourished and somewhat cyanotic 
He weighed 1315 pounds (59 7 kg), and was 5 feet 9% inches (177 cm) 
tall The shoulders were stooped , the expression was listless There was marked 
clubbing of the fingers and toes, prominent mammary glands, offensive breath, 
slight asymmetry of the chest The left side of the chest was flattened, with 
limited expansion The left clavicle was slightly more prominent than the 
right The chest circumference on the left side was 17 25 inches (43 8 cm ) , 
right side, 18 inches (45 7 cm), expansion, 1 inch (2 5 cm) Tactile fremitus 
was decreased on the entire left side There was dulness over the left lower 



Fig 3— Wound completely healed, three months later 


lobe The heart was displaced somewhat to the left, there were no murmurs, 
but there was slight sinus arrhythmia The blood pressure was systolic, 110, 
and diastolic, 65 The liver was slightly palpable m the epigastrium The 
reflexes were all present The Wassermann reaction was negative The temper- 
ature was 982 F , the pulse, SO, respirations, 18, hemoglobin, 90 per cent , 
red cells, 5,040,000, leukocytes, 9,580 The urine was normal The electro- 
cardiogram was normal The roentgen ray revealed an extensne infiltration 
of the left lung toward the base, with displacement of the heart to the left 
There was an area of pneumothorax in the left apex 
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Op nation — November 6, the first-stage operation was performed About 5 
inches ( 12 7 cm ) of each of the seventh, eighth and ninth ribs was resected 
on the left sHe, from the angles to the mammary line The corresponding 
intercostal bundles were excised The pleura was noticeably thickened and 
was not opened The first stage terminated after closing the skm with silk- 
worm and silk sutures, without drainage There was no marked reaction to 
the first-stage operation, but elevation of temperature of 1 degree, and a faint 
trace of albumin m the urine, with a few hyaline and granular casts Healing 
occurred by primary intention November 22, the old flap was turned up, the 



Fig 4 — One jear after the operation There is no impairment of motion 
of the arm 

pleura was opened, with but little change in the respiration at first Adhesion 
between the upper lobe and the chest wall were so delicate that scparati ^ 
occurred when the finger was introduced into pleural cantv The pleura 
about one-half inch (1 27 cm ) thick There were extensile adhesions betwj-c 
the diaphragm and lung The lower lobe was dark, firm and nodu ar ^ 
sions between the lung and diaphragm and chest wall were broken up ' 
the finger Gauze soaked in petrolatum was packed about the ower 
The second stage was terminated The reaction was more sci ere a er 
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second stage than after the first The temperature on the following day was 
101 F pulse 110, respiration, 22 There was considerable discharge o 
bloody serum ’ On the sixth day after operation, the packing from the chest 
was remo\ ed, under nitrous oxid anesthesia, and three Carrel tubes were 
inserted for irrigation with Dakin’s solution The temperature continued to be 
elevated, reaching a height of 104 F, until the ninth day after operation (Dec 
1), when it fell to practically normal and remained so until the third stage 
of the operation December 14, the patient weighed 117 pounds (53 kg) 

The cauty was kept clean after the first two or three days by irrigation 
with the Dakin solution and, December 31, the third stage of the operation 
was carried out With nitrous oxid anesthesia, the old incision was reopened 
and the lung was found to have retracted upward somewhat In order to 
provide more space, about 4 inches (10 cm ) of each of the fifth and sixth 
ribs w r as removed The lower lobe was densely adherent all around Many 
adhesions had to be cut The greatest difficulty w r as in separating the 



Fig 5 — Anterior and posterior views of patient, showung healed scar and 
extent of deformity 


adhesions between the lung and the diaphragm The separation between 
the upper and middle lobes was easy Curved clamps w r ere placed on the hilum, 
and the lobe was amputated The clamps w f ere left m position The w r ound 
was packed with petrolatum gauze and covered with several pads to exclude 
air The operation was well tolerated and lasted forty-five minutes January 
3, the clamps were removed from the hilum without bleeding and with no 
e\ idence of bronchial fistula There had been \ery little reaction to this stage 
of the operation The maximum temperature was 102 F, with an average 
of about 100 F The average pulse rate wuis 130, respiration, 25 There was 
no cough Dakin irrigations were continued regularly from the time of 
remoral of the clamps January 8, the patient tasted Dakin’s solution for 
the first time and began to cough during irrigation January 10, a bronchial 
fistula was obsened Instead of ordinarj' Dakin’s irrigations, one irrigation 
a dai was substituted, with the patient in the sitting posture, care being taken 
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to avoid entrance of fluid into the fistula Recovery was practically uneventful 
except for an attack of acute tonsillitis He was discharged from the hospital, 
February 19, with a bronchial fistula about the size of a lead pencil This 
healed entirely spontaneously, about two months later It has remained healed 
ever since There has been practically no cough since the operation, and the 
patient is now able to work for the first time m about three years He also 
indulges m athletics and has become an amateur boxer of considerable abihti 
Case 2 — A man, aged 25, had symptoms which had begun five years pre- 
viously with a severe cough About six months later, he began raising, even 
day, about one-half cupful of sputum, which was sometimes dark brown and 
other times white The condition had continued until the time of examination, 
in fact, the symptoms were at that time more distressing than they had e\ er 
been He then raised from 2 to 3 cupfuls of sputum m twenty-four hours 
The sputum had a very foul odor Beginning m 1917, for a period of about 



Fig 6 (Case 2) — Resected lobe 


three 3 ears, he was treated for pulmonarj tuberculosis at several sanatorium 
in the far west He had not been able to work much during the last four 
3 ears He was from 10 to 15 pounds (4 5 to 6 8 kg) under normal " c, git 
Chills and fever had been frequent, until, during the last year, be discovers 
how to dram his lungs by gravity His family lustor 3 r and previous lusion 
were of no particular importance 

Examination — This indicated involvement of the left lower lobe There " a5 
moderate clubbing of the fingers and toes The temperature, pulse and respira 
tions were normal The urine was normal except for a slight trace 
on one occasion There was slight secondary anemia, red cells, , 
hemoglobin 79 per cent , leukoevtes, 10,000 The Wassermann reaction v a 
negative Staphylococcus albus and Streptococcus randans were foun m 
sputum The vital capacitj measured 5,250 cc , the tidal-mr 400 cc 

Operation — Sept 9, 1921 a crescentic incision was made, with comevi ^ 
downward, beginning about \ l /i inches (3 8 cm ) from the spme at the eve 
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the fifth rib, passing downward to cross the eighth interspace m the scapular lme, 
coming up again to the fifth rib m the anterior axillary line The seventh, 
eighth and ninth ribs reflected subperiosteally from a point slightly posterior 
to their angles to a point about 1 inch (2 5 cm ) anterior to the anterior axillary 
line The muscle bundles were then excised The upper lobe could be seen 
to move on respiration The pleura was not opened but was swabbed with 
tincture of 10 dm with the idea of establishing adhesions between the upper 
lobe and the chest wall The flap was turned down and sutured without 
drainage After the operation, pads were placed over the wound and anchored 
firmly in position by means of long adhesive strips in order to create a 
buttress as a support for the patient’s coughing Convalescence after this first 
stage was uneventful It is interesting to note that, September 22, the vital 
capacity was only 2,750 cc as compared with 5,200 cc before operation 
September 23, the flap of skin and soft parts was turned up, the pleura opened 
and the lower lobe found to be densely adherent It was separated from its 
attachments with great difficulty The most troublesome adhesions were between 
the lung and the diaphragm, on the one hand, and the lung and the posterior 
wall, on the other The adhesions to the pericardium caused little trouble 
The interlobar fissure was completely obliterated, but was finally detected by 
a thm, black line, and separation was accomplished with the finger Even 
after the separation of the lower lobe, no marked difficulty with respiration 
occurred, it was assumed, therefore, that the upper lobe was probably adherent 
A large kidney clamp was put on the pedicle to the lower lobe and clamped 
tightly Four small clamps were left on bleeding adhesions which were difficult 
to tie without consuming a considerable amount of time The lobe was then 
removed At that time, it was evident that the adhesions between the upper 
lobe and the chest wall had been very delicate and had been separated during 
the manipulation necessary to remove the lower lobe The clamps were left 
m place and gauze was packed into the wound The time of the operation 
was fifty minutes The anesthetic was nitrous oxid and oxygen Immediately 
after the operation, the pulse rose to 150, respirations, 26, temperature, normal 
The pulse rapidly decreased to 110, but, during the next few days, the respira- 
tions continued to increase in number, and the pulse remained high, averaging 
about 120 Morphin was given liberally The clamps were removed on the 
third day after operation w ithout hemorrhage September 29, coarse bubbles 
and a friction sound were heard all over the right side, from the fourth rib 
doun Leukocytes increased to 15,000 and finally to 27,000 Death occurred, 
September 29 Irrigation of the pleural cavity with Dakin’s solution had been 
attempted early, but it seemed to cause marked discomfort to the patient 
It had, therefore, been abandoned, with the expectation of continuing it later 
\ co opsy — ' The upper lobe of the left lung was found to be entirely free, 
and there was, therefore, generalized infection of the left pleural cavity In 
addition, there was fibrinopurulent pericarditis The right lung was edematous 
Comment — In renewing this case, it seems apparent that the patient would 
ha\e had a better opportunity to survive if there had been firm adhesions 
between the upper lobe and the chest wall The advantages would have been 
those which have already been enumerated in the text above This case illus- 
trates in a forceful way' the importance and desirability of having adhesions 
between the unaffected portion of the lung and the chest wall 

Cvsi 3 — \ man, aged 29, entered Barnes Hospital, March 11, 1922 He 
was referred by Dr V P Blair who had corrected a facial defect He gave a 
lustorv of pneumonia in 191S, when he vvas with the American Expeditionary 
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Forces Pneumonia followed a shell wound involving chiefly the face There 
was no wound of the thorax Following the pneumonia, fluid was obtained 
several times from the chest by aspiration, but no operation was performed 
A cough had been present ever since that time He now coughed up from 
about 300 to 400 cc of sputum a day This had a very foul odor, was thick 
and heavy, and the patient stated that it looked like pus He frequently had 
slight fever and chills Since returning from France, he had spent his time 
constantly in hospitals There was rather marked dubbing of the fingers and 
toes The physical signs were not striking, but indicated that the involvement 



Fig 7 (Case 3) — Resected lobe 


lias in the right lower lobe There was slight impairment of the percussion 
note on the right side, from the third rib down Breath sounds were slight) 
suppressed oier the right base The roentgenograms revealed a shadow just 
to the right of the sternum m the lower thorax, which suggested shgl tl) nn 
abscess -\spiration of this suspicious area with a needle rescaled not nn? 
A. bronchoscopic examination b) Dr Arbuchle disclosed no foreign bods and ,n ^ 
cated that the pus was apparently coming from the right lower lobe arci 
IS Dr T T Singer performed an artificial pneumothorax, 400 cc of air vi' 
injected mto the right pleura! cants, changing the pressure from a orm 
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one of from —6 to —4 to one of from —5 to — 2 During the next two days, 
the patient raised more sputum than before, but he complained of some discom- 
fort in the right thorax March 22, roentgenograms demonstrated that there was 
not a satisfactory collapse of the lung The question of radical operation was dis- 
cussed with the patient, and he was acquainted fully with its dangers and pos- 
sibilities In arriving at a decision for operation, he informed me he would 
much rather be dead than remain alive in his present condition, that he was, 
therefore, willing to take any chance, no matter how great, to become well 
Operation — April 8, a first-stage operation was performed similar to that 
described in Cases 1 and 2 except that the pleura was opened in order to 
inspect the conditions present The lower lobe was found to be dark blue The 
upper and middle lobes were of normal color The lower lobe was adherent 
to the diaphragm and to the pericardium by strong fibrous adhesions It was 
much more solid to the touch than the upper two lobes There were no 
adhesions between the upper and middle lobes and the chest wall The lower 
lobe was, therefore, packed off with petrolatum gauze after the adhesions were 
liberated, in order to delay the rest of the operation until after adhesions 
bad formed between the upper part of the lung and the chest wall The 
packing was removed, April 13, under nitrous oxid anesthesia The wound 
looked clean The middle lobe was clearly adherent to the lateral wall There 
was still a large space between the pericardium and lung which was not oblit- 
erated The lower lobe looked small, and still appeared to be isolated nicelv Two 
Carrel tubes were inserted into the cavity to prevent infection by irrigation More 
gauze was put in loosely in order to overcome a slight degree of dyspnea which 
occurred after the removal of the packing During the next three weeks, the 
wound became clean, and remained so The patient became comfortable after a 
temporary period of discomfort One month after the first stage, he was given a 
transfusion of 550 c c of blood, preliminary to the lobe resection The transfusion 
was performed because the patient had a slight secondary anemia (hemaglobin, 
80 per cent ) On the day following the transfusion, the resection was carried 
out The lower lobe was found to be densely adherent, and the separation 
was extremely difficult because of the dense adhesions to the diaphragm and 
the pericardium Some tearing of the lung occurred during the separation 
and there was hemorrhage to the extent of about 250 c c Two large curved 
clamps \\ ere placed on the hilum, which immediately controlled the bleeding 
The lobe was then cut away No sutures or ligatures were placed, except 
three silkworm sutures through the skm The wound was packed lightly with 
petrolatum gauze The duration of the operation w'as thirty minutes Anesthesia 
was accomplished under nitrous oxid and oxvgen, by Dr Haw'thorne Imme- 
diately following the operation, the patient w'as again transfused He received 
700 cc of blood Two days after the operation, an attempt w r as made to 
remove one of the large clamps , but bleeding occurred and the clamp w r as 
reapplied Tor the first three days the patient’s condition seemed to be excellent 
On the fourth day after operation, however, he had a severe chill, which lasted 
for fifteen minutes He died on the fifth day following the resection with 
a temperature of 104 F , which had been present for twent} -four hours Pre- 
\ sous to that, the temperature and pulse had been nearly normal 

\ccop n — A partial necropsy was permitted, but not until after the bod} 
had been embalmed An extensne lobular pneumonia was found, im olving 
both the right and the left lung 
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SUMMARY 

In achanced cases of bronchiectasis, the only method which seems to 
offer a chance of complete relief from all symptoms is a resection of 
the affected portion of the lung The mortality has been high in the 
few cases reported The literature contains records of forty-eight cases, 
with a total operative mortality of 52 per cent It is probable, however, 
that improvements m method will greatly reduce the mortality Even 
with this high mortality, the striking results obtained m the successful 
cases seem to justify the risk incurred m properly selected cases The 
unspeakable misery of patients with advanced bronchiectasis leads them 
often to grasp at any straw which offers relief, regardless of the risk 
involved It has been difficult in some of our cases to refuse operation 
when we have felt that the proper indications were not present 



LUNG ABSCESS x 

G J HEUER, MD, and P M MacCREADY, MD 

CINCINNATI BALTIMORE 

In the records of the Surgical Service of the Johns Hopkins Hos- 
pital, there are sixty-two cases of lung abscess It is our purpose 
briefly to summarize these cases in order to present to you what our 
experience with lung abscess has been 

Etiologically, these cases may be divided into four groups 

1 Thirty-one cases followed pneumonia associated with, or unasso- 
ciated with, empyema 

2 Sixteen cases were postoperative, in the sense that they followed 
a postoperative bronchopneumonia or the aspiration of some infectious 
material Four cases followed tonsillectomy, seven, intra-abdommal 
operations, two followed mastoid operations, and one, each, a hernia, 
an open reduction of a fracture and a breast operation 

3 Seven cases followed acute abdominal infections, of which 
four were liver abscesses secondary to acute abdominal infections, 
one a pelvic peiitomtis, and two subphremc abscesses secondary to 
appendicitis 

4 Eight cases followed a miscellaneous group of conditions Two 
followed the aspiration of a tooth, two the perforation into the lung 
of an esophageal carcinoma , one an abortion with septicemia, and three 
a septicemia secondary to acute osteomyelitis, multiple arthritis and 
umbilical cord infection 

These four groups of cases will be considered in more detail 

GROUP 1 — POSTPNEUMONIC GROUP— THIRTY ONE CASES 

Of these thirty-one cases, four were not recognized during life 
In these, pneumonia was followed by empyema, which obscured the 
diagnosis These patients were operated on for empyema and died 
Necropsies in all showed bilateral multiple lung abscesses, conditions 
which could not have been satisfactorily treated by surgery 

In the remaining twenty-seven cases m this group, the diagnosis 
of lung abscess was made The abscesses occurred m the right upper 
lobe in five cases, m the left upper lobe m two cases, m the right 
lower lobe in eight cases, m the left lower lobe m ten cases, and 
uere multiple m the right lung in two cases The condition was 
associated with empyema in ten cases and was not associated with 
empjema in seventeen cases 

* Reid before the American Association for Thoracic Surgerj \\ ashmgton 
D C , \pril 29, 1922 
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The treatment earned out m these twenty-seven cases was as 
follows In twenty-two cases, a simple diamage operation was per- 
formed, either m one or two stages In one case, an exploratory 
thoracotomy was followed by artificial pneumothorax In one case, 
a diamage operation was followed by a lobectomy In three cases, 
postural treatment by Garvin’s method was tried 

Following these various forms of treatment, six patients died, a 
mortality of 22 2 per cent Five patients died after drainage operations, 
and m four of them a necropsy was obtained In three, the necropsy 
revealed multiple lung abscesses, only one of which had been drained 
at operation In one, the necropsy revealed an acute spreading gangrene, 
which involved the entire right lung One patient died after a 
lobectomy performed some months after a drainage operation 
Necropsy demonstrated that death was due to an extensive broncho- 
pneumonia 

Of the twenty-one patients who recovered, all were discharged from 
the hospital practically free from symptoms In twelve, we know the 
late result Ten are well from one to ten years after operation, entirely 
without symptoms Two are active and consider themselves well, but 
it is evident that they have some cough and expectoration In nine, 
we do not know the late result, but the study was not begun until 
recently, and we have hopes of tracing some of these patients 

Of the four patients treated either by artificial pneumothorax or 
by postural methods, we know the late result in two One is perfectly 
well , one still has some cough and expectoration but considers himself 
so well that he does not need further treatment 

GROUP 2 —POSTOPERATIVE GROUP — SIXTEEN CASES 

Of these sixteen cases, five were not recognized during life Two 
patients died some time after mastoid operations , one died after a 
gastro-enterostomy , one after an enterostomy, and one after an open 
reduction of a fracture of the femur Necropsies m all revealed 
multiple lung abscesses 

In the remaining eleven cases, the diagnosis of lung abscess was 
made The abscesses occurred in the left upper lobe m two cases, m 
the right lower lobe m four cases, in the left lower lobe in three cases, 
and m two cases they were multiple The condition was not associated 
with empyema 

The treatment carried out in these eleven cases was as follows 
In six cases, a simple drainage operation was performed In four 
cases, exploratory thoracotomy was followed by artificial pneumothorax 
In one case, no treatment was permitted, the patient refusing operation 

Three patients died following drainage operations In two of t ie 
three cases, necropsies were performed, which revealed multiple lung 
abscesses, only one of which had been drained 
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Of the eight patients who left the hospital, seven were free from 
symptoms, while one left the hospital untreated In four cases, we 
know the late result One patient is entirely well, several years after 
collapse treatment, three are m good health, two or more years after 
operation, but are not entirely well, as indicated by cough and slight 
expectoration 

Of the four patients treated by collapse therapy, only one has been 
heard from He is perfectly well 

GROUP 3— ABDOMINAL INFECTIONS GROUP— SEVEN CASES 

Of these seven cases, two were not recognized during life One 
patient died some time after an operation for liver abscess, and one 
after an operation for peritonitis and subphrenic abscess The symp- 
toms and signs of lung abscess were not clear Necropsies m both 
cases revealed multiple lung abscesses 

In the remaining five cases in this group, the condition was recog- 
nized and treatment instituted The abscess occurred m the right 
lower lobe m four cases, and in one, it involved almost the entire 
right lung The condition was associated with empyema m one case 
and was unassociated with empyema m four cases 

The treatment carried out m these five cases was drainage m one 
or two stages Following operation, one patient died Necropsy 
revealed a healed liver abscess and an enormous lung abscess involving 
almost the entire right lung 

The four patients who recovered left the hospital practically free 
from symptoms In two, the late result is known, and these two 
patients are entnely well, two or more years after operation Two 
patients have not been heard from 

GROUP 4 —MISCELLANEOUS GROUP — EIGHT CASES 
Of these eight cases, three were not recognized during life One 
patient died some time after an operation for acute osteomyelitis, one 
after the drainage of several joints, and one after the drainage of an 
empjema All showed, at necrops}, multiple lung abscesses 

In the remaining five cases, the condition of lung abscess was recog- 
nized The abscess occurred m the right lower lobe m four cases and 
m the left lower lobe in one case It was associated with empyema 
m one case, and unassociated with empyema in four cases 

The treatment carried out was drainage in one or two stages in 
three cases and lobectoni) in one case One patient refused operation 
or otliei treatment 

Following operation three patients died Necropsies m these three 
cases revealed an extensile carcinoma of the esophagus with extension 
into and with the formation of, lung abscess m two One patient, 
in whom lobectomy was performed died of a pleural infection 
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The late result m the two patients that left the hospital is not 
known at present 

SUMMARY 

1 Of sixty-two cases of lung abscess in our surgical records, 
fouiteen weie unrecognized during life Necropsies in these fourteen 
cases revealed, in every instance, multiple small abscesses scattered 
throughout the lungs, conditions which could not have been satis- 
factory treated by surgery 

2 In the remaining forty-eight cases, lung abscesses were lecog- 
nized In these, the abscess or abscesses followed pneumonia in twenty- 
seven cases , they were complications following some surgical operation 
m eleven cases, they followed acute abdominal infections in five cases, 
and weie complications of a miscellaneous group of conditions in live 
cases The abscesses occurred in the right uppei lobe m five cases, 
in the left upper lobe, m four cases , m the right lower lobe, in twenty- 
one cases, m the left lowei lobe, in fouiteen cases, and were multiple 
in foui cases The abscesses were associated with empyema m twelve 
cases and were not associated with empyema in thirty-six cases 

3 The treatment of these forty-eight cases consisted of («) drain- 
age in one or two stages in thirty-six cases, (b) drainage followed 
by lobectomy in two cases, (c) exploratory thoracotomy and collapse 
therapy in five cases, ( d ) postural treatment (Garvm’s method) m 
three cases, and ( e ) no treatment m two cases 

Forty-three patients, therefore, were subjected to forty-live opeta- 
tions Following operation, there were thirteen deaths, an operative 
mortality of 28 8 per cent Eleven deaths followed drainage operation, 
and necropsies in these eleven cases showed that (io) m six cases, 
there were multiple pulmonary abscesses, only one of which was drained 
at operation, ( b ) in one case, there was a consolidation, with softening 
and abscess formation involving the entire lung, (c) in one case, there 
was an acute spreading gangrene involving the entire lung, (d) in one 
case, there was an extensive bronchopneumonia m addition to the 
abscess, and ( e ) in two cases, there was an extensive inoperable car- 
cinoma of the esophagus, with extension into the lung and with abscess 
formation 

Two deaths followed lobectomy, performed some months after a 
drainage operation Necropsies revealed that one death was due to 
an extensive bronchopneumonia and the other to a pleural infection 
not the result of leakage from the bronchial stump, but presumably 
the result of tearing into an infected lung during the separation o 
adhesions 

4 The end-results in the thirty-five patients who recovered an 
who were discharged from the hospital have not yet been so thoroug i } 
worked up as they will be At the present time, however, they are 
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as follows (a) Of the twenty-five patients who recovered following 
drainage operations, eleven have been well from one to ten years or more 
—entirely without symptoms , four have not been entirely well from one 
to ten years— they have some cough and slight expectoration Ten have 
not yet been heard from (&) Of the five patients who recovered follow- 
ing exploratory thoracotomy, plus collapse by artificial pneumothorax, 
two have been well from one to ten or more years, three have not yet 
been heard from (c) Of the three treated by postural methods (Gar- 
vin), one is not entirely well, having still some cough and expectoration, 
and two have not been heard from (d) Of the two patients who 
refused operation or other treatment, neither has been heard from 
Such, then, has been our experience with lung abscess as it has 
occurred in a general surgical service There has been no attempt to 
eliminate any cases nor to gloss over our results Our experience 
simply demonstrates that lung abscess as seen m a general service occurs 
as a complication of many conditions and presents itself m a variety 
of forms As has been shown, it may be overshadowed by other condi- 
tions and escape recognition (fourteen cases), later presenting itself 
at necropsy in the form of numerous small scattered abscesses quite 
unfavorable from the standpoint of surgical treatment It may be 
recognizable, but it may occur in multiple form so as to defeat our 
surgical efforts — as in six of our cases It may be a complication of 
a hopeless condition, as in our two cases of carcinoma of the esophagus, 
m which the only justification for surgical treatment was the hope 
of relieving the patient of distressing cough, foul sputum and sepsis 
Undoubtedly, surgery at the present time achieves good results only in 
those single, well-circumscribed abscesses in which the condition of 
which they are a complication has disappeared If we consider only 
these as lung abscesses amenable to surgical treatment, then our results 
are vastly improved If we eliminate from our series the cases of 
multiple abscesses, and those with some serious intra-abdominal or 
mediastinal condition present at the time operation for lung abscess 
was performed, m other words, if we confine ourselves to the single, 
well-circumscribed abscesses in otherwise healthy individuals, then we 
ha\e twenty-nine cases of lung abscess treated by drainage, m one 
or two stages in twenty-four cases, and by exploratory thoractomy 
followed by artificial pneumothorax m fi\e cases— with one death from 
spreading gangrene of the lung, a mortality of 3 4 per cent The late 
results m these selected twenty-nine cases are Thirteen patients are 
entirely well, three patients are not entirely well, as they hare some 

cough and slight expectoration, and eleven patients hare not yet been 
heard from 

Let us conclude with two remarks on our personal experience in 
the treatment of lung abscess A partial artificial pneumothorax 
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followed by roentgenograms of the thorax to determine, m doubtful 
cases, the presence or absence and the location of adhesions to the 
parietal pleura would seem a safe and helpful procedure Stripping 
the parietal pleura from the thoracic wall over the point of approach, 
we have found to be a very useful preliminary step m the drainage 
of lung abscesses It enables one to explore the lung over a considerable 
area, in order to determine to what extent adhesions are present 
and the location of the best point to open the abscess It better enables 
one to fix the lung to the parietal pleura if adhesions are absent 
A study of our late results so far as they have gone demonstrates 
that it is the old, long-standing chronic lung abscess, with thick fibrous 
walls, which is often not entirely cured by drainage operations The 
patients m our series that we know are well are those with acute or 
recent lung abscesses The four patients that we know are not entirely 
well all had chrome abscesses of from two to seven years’ standing 
which at operation presented thick fibrous walls 



THE INTERRELATIONSHIP AND END-RESULTS OF 
CHRONIC SUPPURATIVE DISEASES 
OF THE LUNGS * 

WILLIS S LEMON, MD 

ROCHESTER, MIlsN 

The end-results of acute or chronic disease of the lung may be 
classified into (1) resolution to normal conditions, (2) fibiosis, and 
(3) necrosis Which of these may be the end-result of any illness 
depends on the factors of resistance and the character of the noxa, 
chemical, bacterial or mechanical, that has been the causative agent m 
the production of the malady Thus, come into being the three mam 
diseases that constitute the suppurative type of pulmonary disease, 
namely, empyema, bronchiectasis and abscess Acute pulmonary dis- 
ease which proceeds into chronic disease may be classified into seven 
groups 

Group 1 Acute fulminating inflammations that may be caused by 
mutating gases , these rapidly fuse with later groups unless death ensues 
Gioup 2 Acute streptococcal bronchopneumonia, common during 
the epidemic of influenza 

Group 3 Less acute, but almost equally fatal, pseudolobar pneu- 
monia, also of streptococcal or pneumostreptococcal origin 

Group 4 Pneumonia progressing to the formation of free or mter- 
lobai encysted empyema 

Group 5 Abscesses of the unilocular or multilocular type, oi acute 
bronchiectasis Included m this group are abscesses of embolic origin, 
and the aspiration type of bronchiectatic abscess 

Group 6 Residual inflammation which deielops into chronic non- 
tuberculous infection of the lung, or into frank bronchiectasis 
Group 7 A resolving condition gradually reverting to normal 
In Group 4 are the greatest number of patients whose conditions 
aie of long standing, and whose deformities and disabilities ive are 
most often called on to treat I ha\e observed many such patients 
within the last three vears, and almost imariably a fistula discharging 
pus gnes e\ idence of former operation If there is much granulation 
t ,<; sue m the sinus and projecting from it into the chest wall, the 

* From the Section on Medicine Mn\o Clinic 

Levi before the American \ssocntion for Thoracic Surger\, Wnslvngton, 
D C \ pr ,i 20 1922 
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discharge is more or less bloody There are five explanations of this 
chroma ty 

1 The treatment of tubeiculous empyema by open methods, or by 
methods designed for the treatment of nontuberculous forms Hedbloni 1 
and McKmme 2 have outlined the necessary precautions to be used in 
conditions such as tuberculous empyema, from the standpoint of both 
diagnosis and operation The latter says, “Assuming a purulent effusion 
of the pleura, not definitely metapneumonic or post-infiuenzal, the 
gieatest care should be used to exclude tuberculosis before instituting 
open drainage, since cases of empyema showing no tubercle bacilli 
almost universally heal promptly, while those having tubercle bacilli 
larely do so ” Even with the utmost care, however, errors in diagnosis 
will be made, and untoward lesults will probably follow in a small 
proportion of cases representing a diagnostic error which by care may 
be reduced 

2 The sinus itself may lead from infected tissue, have thickened 
walls and remain open indefinitely 

3 At the base of the sinus there may be an infected rib, and 
osteomyelitis may be the cause of chromcity 

4 The drainage may have been insufficient 

5 The surgical wound may have been made in an improper position 

Inasmuch as all purulent effusions tend to form adhesions, whereas 

air and transudates do not, pockets are formed, the pleura is thickened 
and the lung does not expand properly to fill the pleural space Added 
to this, bronchial fistulas or multiple fistulas are obvious causes of 
chromcity Fibrosis is one of the end-results of infection The fibrosis 
may become sufficiently extensive to cover the lung with a coat of 
mail, effectually preventing reexpansion Thickened trabeculae give 
the appearance of fibrous bands invading the lung which is affected 
by inflammatory processes and constitute one of the three processes of 
general or massive fibrosis, namely, (a) fibrosis of the pleura associated 
with fibrosis within the lung, (b) fibrosis extending from the lulum, 
and (c) fibrosis within the lung, and proceeding throughout the inter- 
lobular septums or around the bionchi and vessels, or m the alveolar 
Avails 

Such a result must necessarily cause changes m the chest itse 
Patients are now under my observation Avho have unilateral shrinkage 
of the wall of the chest, with loss of mobility, obliterated interspaces, 
lowered shoulder and scoliosis, the convexity toward the sound sice 
Besides this deformity, a resultant flattening and immobility of t ie 


1 Hedblom, C A The Diagnosis and Treatment 
Surg , Gj nec and Obst 34 445-465, 1922 

2 McKinnie, L H Tuberculous Empyema, 
(Feb 11) 1922 


of Tuberculous Emprema, 
J A M A 78 400-402 
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diaphragm may be seen on fluoroscopic examination, the importance of 
which has not been sufficiently emphasized clinically Fibrosis, whether 
tuberculous or nontuberculous m character, constitutes one of the 
agencies which produce changes m position of the mediastinal structures, 
the most obvious of which are the heart and the trachea 

One of the interesting accompaniments of suppurative disease of 
the lung is the peculiar deformity of the extremities I have observed 



Tig I — Appearance of patient at time of operation 


nil degrees from simple clubbing, or hippocratic deformitt, to true 
pulmonan osteo-artliropathv, with the characteristic burring of the 
terminal phalanges and periosteal overgrowth extending far no the 
long bones of the upper and lower extremities Clubbing of fingers 
is not netessarih confined to pulmonary disease, nor is it ahvats 
mlateral I hate seen within the }ear, unilateral clubbing m a case of 
aneurism 01 1 Ire innominate arten Locke 3 has made the most complete 

1 bocke L A Secondirr Hjpcrtroplnc Osteo- Arthropatln and Its 
kchtiou to Simple Club-ringers \rch Int Med 15 659-713 (Mi\1 1015 
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study of this condition from a statistical and roentgen-ray standpoint 
and has lecorded cases that seem to- be primary rather than secondary 
in character 

In the unfortunate cases in which errors m diagnosis have been 
made and patients with tuberculosis operated on, amyloidosis or tuber- 
culous meningitis has been a fatal complication Such conditions must 
be reckoned with in operative procedures producing collapse of the 



Fig 2 — Appearance of patient, three months after operation, gain m weight 
of 40 pounds (18 kg ) 


lung in cases of unilateral tuberculosis, particularly if the disease has 
been of long duration 

The case reported herewith is an illustration of the difficulty o 
diagnosis m long-stanchng chronic pulmonary suppuration , it also 
illustrates the benefit that can be obtained by surgical intervention 


REPORT OF CASE 

History — W R S, man, came to the clinic, Dec 13, 1921, complaining 
of pain in the chest, persistent cough, excessive sputum, he mo rr age 
and deformity of the fingers wrists and ankles He had apparent \ ce 
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powerfully built, but now showed evidence of severe and long-contmued illness 
He had had influenza three years before, during a time when the scarcity of 
physicians in his outlying country did not permit him to have careful attention 
It was thought that the influenza had been complicated by pneumonia, there 
was a history of pain which could be construed as that of pleurisy The 
primary illness kept him in bed for about five months, although he had partially 
recovered within the first few weeks He had continued to be an invalid 
from that time A profuse hemorrhage had occurred September 16, and again 



Fig 3— Thickened cortex m the shaft of the femur, fused bonj and 
periosteal changes 

lie was forced to Ins bed, w here he remained for two months For a long 
time, he had had increased temperature, which nsuallj reached its height about 
3 p m It had not been more than 100 F since August He had noticed 
clubbing of the fingers for the last two rears His wrists w r ere crippled, and 
bis feet swollen and stiffened so that he was unable to dress himself alone, 
or to walk 

Examination — The patient had come for examination m a wheel chair and 
continued to use it during the time he was under observation before operation 
He was examined m this chair or on a couch to which he was carried He 
" no * " eigbed at the time oi Ins fir«t examination, but he had weighed 220 
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pounds (100 kg' ) m normal health The blood pressure was 112 systolic, and 
72 diastolic The pulse was 132 and the temperature 100 F, at 3 00 p m 
He showed evidence of advanced dental infection, but his tonsils apparently 
were normal The hair was crisp, short, wiry and rather scant, and the skm 
was dry over the entire body, with some exfoliation over the face The heart 
was large, the apex beat being S cm. outside the nipple line The chest was 
remarkably asymmetrical, the deformity consisting of flattening of the entire 
right side with absent Litten’s sign, almost fixed diaphragm and very limited 
respiratory excursion throughout the right side The percussion note over the 



Fig 4 — Porosity of lower third of humerus 


chest was dull, but moist rales could be heard throughout, although the breat 
sounds were distant He had arthritis m both knee joints The femur on tie 
right side was remarkably enlarged , there was limited movement in the an e 
joints and noticeable hyperextension of the fingers Roentgenograms o * ® 
chest revealed empyema on the right side, with a shadow resembling fluid w uc 
reached the level of the second rib m front Roentgenograms of the ones 
revealed evidences of slight arthritis, marked proliferative osteitis in tie *P 
joints and proliferative osteitis of the bones of the extremities The ist °^ 
and examination pointed to the subjoined conclusions with regard to 
chronology of the infection 
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Influenza had occurred, complicated by bronchopneumonia, with succeeding 
empyema The empyema cavity had formed a fistula with the bronchus, and 
continuous expectoration of large amounts of purulent material had resulted 
Operation and Result —Operation was performed December 20, and 2 75 cm 
of the seventh rib was resected After several attempts, pus was aspirated by 
needle, the tract running inward and slightly upward to a depth of about 75 
cm from the pleura Free pus was not found in the pleural cavity itself 
although the parietal pleura was thickened By blunt dissection along the 



Fig 5 — Roughened cortex due to periosteal proliferation 

course of the needle, a cawt\ was opened, about 8 or 10 cm in diameter, con- 
taining pus mixed with blood The ca\it\ was sponged out and explored b> 
the md of a small light, placed inside The caaiti was so deep, howeter, that 
the walls could not be seen The surgeon was of the opinion that he was dealing 
with a deep-seated abscess of the lung The patient coughed up considerable 
' ° 0 ^' nllt< - r ial at the time of operation , but, after the institution of drainage, 
tie re was no further coughing The wound was treated m the usual manner 
vbout three weeks later the drainage tract was dilated and three tubes were 
■wrun inserted 
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The patient recovered i neventfully, and was markedly improved He was 
able to walk without help, he no longer coughed, the amount of sputum was 
reduced practically to nothing, and he gained about 40 pounds (18 kg) m 
weight before his dismissal 

COMMENT 

This case is an illustration of the fact that if patients continue to 
be ill after the primaiy infection should have been overcome, it must 
be assumed that they are suffering from suppurative disease which 
should be attacked at once The case also illustrates the importance of 
the surgeon’s exact knowledge of the anatomy of the lung, the pleura 



Fig 6 — Rarefaction of head of tibia, periosteal proliferation of the shaft 
of femur 


and of the interlobar markings, because such suppuration may be found 
in any location in which two surfaces of pleura meet Although a 
surgical diagnosis of abscess was made m this case, the possibility was 
considered of encapsulated empyema lying deep between the lobes, and 
forming with the bronchus a fistula which provided the profuse drainage 


seen at the primary examination 

Because of the fibrosis and the persistence of cough, particularly in 
patients who have developed bronchial fistula, even if successful opera- 
tions have been performed, bronchiectasis must be reckoned with This 
is true for two reasons first, because the strength-giving wall of the 
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bronchus itself may have been primanly involved m the ongmal disease 
of the lung, as almost mvanably occurs in diseases of influenzal origin, 
and, therefore, gives way under the added pressure due to cough, and, 
second, in the fibrous lung the damaged bronchus has lost its normal 
elastic ’support and dilates when the mterbronchial pressure is raised 
(McPhedran 4 ) This result is more likely to follow when the pTura 



Fig 7 —A, periosteal proliferation, B, porosity at distal ends of radius 
and ulna 


anchors the lung to the chest wall, a condition present in the majority 
of my patients suffering from bronchiectasis Hoover says, however 

It seems probable that, in cases of bronchiectasis accompanying fibroid dis- 
ease, destructive inflammatory process of the bronchial wall is the primary 
lesion That the idea of a tractive diverticulum may have some merit can be 
granted, but it is not susceptible of direct proof 


4 McPhedran, A Diseases of the Bronchi, m Osier and McCrae Modern 
Medicine, Philadelphia, Lea and Febiger 2 881-944, 1914 
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There are two other factors which may enter into bronchiectasis One is 
traction on the bronchi from inspiratory movement of the thorax, and the 
other is an increase of endobronchial pressure which accompanies effort at 
coughing That the endobronchial pressure is raised with the effort of coughing 
is evident enough, but, if endobronchial pressure is to explain bronchiectasis, 
then extrabronchial pressure over the site of bronchiectasis must be very much 
less than the endobronchial pressure during the act of coughing If endo- 
bronchial pressure does not exceed extrabronchial pressure in the expiratory 
effort, the act of coughing could not contribute to dilatation of the bronchi 

In my experience with influenza, bronchiectasis did not develop 
for six months or a year after the acute illness In only one instance 



Fig g — Flexion deformity, osteoporosis 


could a diagnosis of acute bronchiectasis be made with accuracy T ie 
time required was made necessary by the disintegration of the integrity 
of the bronchial wall and the subsequent formation of fibrous tissue 
Norris and Landis 5 say 

In regard to pulmonary fibrosis and bronchiectasis, it is not a < l uestl ° 
of distinguishing between them but of determining whether the two conci 
are associated Both are due to the same cause In about 80 per cent o 

5 Norris, G W, and Landis, H R M Diseases of the Chest and : the 
Principles of Plvssical Diagnosis, Philadelphia, W B Saunders Compam, 
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cases of massive fibroids, the bronchi arc dilated Rarely the bronchi are dilated 
without associated interstitial changes in the pulmonary tissue In a case with 
marked unilateral retraction of the chest wall, there are also a paroxysmal 
cough, profuse expectoration, often of a foul odor, and marked clubbing of 
the fingers It is reasonably certain that in addition to the fibroid changes the 
bronchi are also dilated 

It is important to recognize the relationship between abscess and 
bronchiectasis because often the abscess m the process of healing may 



Fig 9 Fluid level at second rib, right costophrenic angle obliterated, left 
costophrenic angle free 


provide conditions that are necessary for the production of bronchi- 
ectasis, and, alternately, by the occurrence of acute infection to which 
sufferers from bronchiectasis are prone, abscess may develop Broncho- 
pneumonia is not an unusual complication of bronchiectasis I have 
known it to occur repeatedly m several of my patients The end-results 
t ary only slightly from those of empyema , inhalation may produce a 
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septic bronchopneumonia-gangi ene in the lung tissue Abscess of the 
brain is not an uncommon complication, and amyloid changes appear in 
the liver and kidneys 

Improvement in bronchiectasis may occur even in severe cases, 
whether unilateral and treated by operative collapse or bilateral and 
under medical management Conner 6 has recently studied a patient 



Fig 10— Condition of lung one month after operation 


with bilateral bronchiectasis who had an unusually large amount of 
chyloid sputum and who improved remarkably under medical manage 
ment Hedblom 7 has operated m unilateral cases, with very encouraging 
results 

A subgroup of cases of suppuration of the lung, classified as non 
tuberculous infections, is fully described in the literature The case 


6 Conner, H M Personal communication 

7 Hedblom, C A Personal communication 


LEMONSUPPURATIFB DISEASES OP LUNG 


355 


that have been observed m the Section on Diseases of the Chest m the 
Mayo Clinic have been studied recently by Conner 8 He has summar- 
ized the opinion of the section as follows 

The chief points in the diagnosis of nontuberculous infection of the lungs 
are (1) cough for a prolonged period, either constant or with exacerbations, 
(2) little depreciation of general health , (3) little if any fever, and, if present, 



Fig 11— Position of drainage tubes 


intermittent, (4) lack of progression of the disease, (5) location of the lesion 
usually in the base of the lung, and (6) absence of bacilli of tuberculosis m 
the sputum 

Nontuberculous infection of the lungs may be distinguished from tuberculous 
infection mainly by the location of the lesion m the base, by the less marked 
or absent depreciation in health, by lack of progression, and by the absence of 
bacilli of tuberculosis Often there is leukocytosis In at least nine of ten 

8 Conner, H M Nontuberculous Infection of the Lungs, Minn Med 
5 364 (June) 1922 
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cases of tuberculosis, the infection is found m the upper lobes or apices, while 
almost the reverse is true of these cases Recently, Rosenblatt reported that 
in 1,000 cases of tuberculosis, only three were primarily m the base of the 
lung Seventeen of eighteen patient presenting basilar lesions admitted to the 
Bedford Hill Sanitarium with the diagnosis of tuberculosis were found to be 
nontuberculous In this connection, it is well to remember the dictum of 
Brown that “abnormal physical signs at one apex should be considered as 
due to pulmonary tuberculosis until proved not to be, while those at the base 
should be looked upon as not tuberculous until definitely proved so” 

Nontuberculous infection of the lungs is differentiated from simple chronic 
bronchitis by the fact that chronic bronchitis is usually generalized, is often sec- 
ondary to cardiac or other disease, has less tendency to the production of purulent 
sputum, usually does not cause exacerbation of symptoms with increased tern 
perature, and usually produces no leukocytosis Moreover, in simple bronchitis, 
the rales are predominantly dry, while m this condition they are predominant!) 
moist 

Bronchiectasis may usually be distinguished from nontuberculous infection 
of the lungs by clubbed fingers and more abundant foul sputum brought up 
by paroxysms of cough Cough and expectoration are usually markedly 
affected by changes of position, such as lying and stooping The cough in 
bronchiectasis is typically loose and a copious amount of the sputum can usually 
be produced by inversion On standing, the sputum often separates into three 
layers There is usually no leukocytosis in bronchiectasis 

Bronchopneumonia is usually bilateral, acute, and not recurrent, while this 
condition is chronic, often unilateral and recurrent In bronchopneumonia, 
there are usually some signs of consolidation, while in this condition such 
evidence is usually absent 

In adults, the prognosis must be very guarded, as it is likely that the condi- 
tion will persist or recur It seems quite probable that most of these patients 
will develop a true bronchiectasis if the infection persists In children, the 
prognosis is somewhat better, according to most authors, although I have not 
had much experience with such cases 

CONCLUSIONS 

1 Nontuberculous infection of the lung is a nonspecific disease, which, 
however, deserves a name as a separate disease entity 

2 The essential features are cough, marked chronicity, exacerbations, little 
or no fever, and few other constitutional symptoms, usually purulent expectora- 
tion, lack of progression and location of the lesion almost always in the bases 

3 The principal physical sign is moist rales 

4 Diagnosis is made mainly by chronicity of cough, little effect on general 
health, location of signs in bases, and persistent absence of bacilli of tuberculosis 

5 In the differential diagnosis, chronic bronchitis, tuberculosis, fran 
bronchiectasis and bronchopneumonia must be considered 

6 Prognosis must be guarded m adults 

7 Treatment is mainly by posture 

SUMMARY 

Abscess of the lung resulting from pneumonia represents the result 
of the patient’s failure to react effectively It is the consequence o 
death of tissue, and, instead of subsequent fibrosis, necrosis is t e 
pathologic picture 
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Abscess may so simulate encysted empyema with bronchial fistula as 
to be indistinguishable In fact, it may be true that certain abscesses 
not postsurgical, may be of such a character This is the opinion of 
Ashhurst , 9 and it certainly may be true m conditions which were 
preceded by an influenzal infection Again, abscess may constitute 
the primary disease m empyema Moschcowitz 10 is of this opinion, 
and Robinson 11 believes, that encapsulated forms of empyema are 
caused by the subpleural abscess I have recently seen a patient whose 
empyema was almost certainly primary, and a small abscess m the 
lung secondary This seemed so because of the histologic picture pre- 
sented by the tissue around the abscess 

In many instances, the presence of empyema or of thickened pleura 
has made a diagnosis of abscess very difficult Often in cases of long 
standing, even after operation, it has been impossible to distinguish 
abscess from empyema with bronchial fistula or from bronchiectasis 
Only necropsy has shown the internist’s and the surgeon’s errors 

9 Ashhurst, A P C Surgical Experiences with Encapsulated Empyema 
and Abscess of the Lung A Plea for Exploratory Thoracotomy, Internal- Chn 
4 173-210, 1916 

10 Moschcowitz, A V Newer Conceptions of the Pathogenesis and 
Treatment of Empyema, Am J M Sc 159 669-701 (May) 1920 

11 Robinson, S, quoted by Norris and Landis, Footnote 5 



FIBROSIS OF THE LUNG FOLLOWING LIGATION 
OF THE PULMONARY ARTERY 

COMBINED WITH PHRENICOTOMY AND WITH PARTIAL OCCLUSION 
OF THE PULMONARY VEINS * 

KARL SCHLAEPFER, MD 

BALTIMORE 

For the treatment of unilateral tuberculosis of the lung, two methods 
are now widely used, artificial pneumothorax and extrapleural thoraco- 
plasty These methods produce good results after a very long time, 
one year or perhaps several yeais usually being necessaiy to eftect a 
cure Special care has to be taken to improve the general condition 
of the patients, perhaps by residence in a sanatorium The patients 
are unable to work during this period, hence, it is_of great economic 
and social importance to shorten the time necessary to restore them 
to health 

Artificial pneumothorax and extrapleural thoracoplasty act indirectly 
The lung is compressed from the outside, either by introducing a gas 
or a mass of fat or paraffin between the lung and the bony chest wall, 
or by bringing the chest wall into a state of collapse, as in extrapleural 
thoracoplasty The second method has the disadvantage of causing 
an increasing deformity of the whole thorax, especially of the vertebral 
column Both methods force the lung to decrease its physiologic 
action, the aeration of the venous blood brought in through the pul- 
monary artery being diminished Hence, the circulation is altered 
Stasis takes place, followed by extravasation of serum and blood 
corpuscles into the alveoli and the interstitial tissue of the lung Secon- 
dary fibiosis occurs, with a tendency to shrinkage, as m all new fibrous 
tissue The toxins of the foci of infection also are a strong stimulus 
to the formation of fibrous tissue The two agents help each other 
m the endeavor to combat an infection 

A more efficacious therapeutic proceduie is one which has a direct 
influence on the physiologic work of the lung, and which gives the 
diseased organ a rest, in order that it may be able to conquer a tuber- 
culous infection Such a procedure is found m ligation of the pul- 
monary artery of one lung or of one lobe No venous blood comes to 
the alveoli of the compressed area The arterialized blood in the 
pulmonary veins no longer is benefited by the impulse from the artery 
The bronchial arteries, arising from the aorta 01 from the intercostal 
arteries, guarantee a sufficient supply of blood to the lung Their 

* Preliminary report of experiments carried on during the winter of 1921- 
1922 in the Surgical Hunterian Laboratory of the Johns Hopkins University 
Medical Department 

* Read before the American Association for Thoracic Surgery', Washington, 

D C , April 29, 1922 



359 


SCHLAEPFER— FIBROSIS OF LUNG 

communication with the pulmonary veins is essential to prevent sudden 
hemorrhagic infarct A considerable stasis takes place, particularly on 
the alveolar side of the pulmonary veins, with resultant extravasation 
of serum, but also with extravasation of erythrocytes and leukocytes 
into the alveoli and the interstitial tissue An increase in the flow 
of lymph occurs at the beginning, m an effort to prevent this process , 
but the stasis becomes more and moie effective The suction effect 
of the blood from the left atrium, and the action of the thoracic wall 
and of the diaphragm maintain the circulation By paralyzing the 
diaphragm or cutting the intercostal nerves, or by a secondary extra- 
pleural thoracoplasty, we can reinforce the effect of a primary ligation 
of the pulmonary artery Wherever a chronic stasis is present m an 
organ, the edematous tissue mixed with extravasated blood is gradually 
replaced by fibrous tissue This is especially true when the general 
condition of the body is not greatly affected and the stasis is not the 
result of general marasmus 

It is evident, then, that a lung becomes fibrous after ligation of 
the pulmonary artery The edema acts as an 11 ritant A superimposed 
infection with formation of exotoxms increases this tendency a fact 
which is of great importance in the treatment of chronic infectious 
diseases of the lung, especially tuberculosis By ligating the pulmonary 
artery, we get a firm fibrosis of the lung m a probably shorter time than 
in artificial pneumothorax or m extrapleural thoracoplasty The experi- 
ments of Bruns, Sauerbruch, Robinson, Willy Meyer and Kawamura 
have demonstrated this fact, and clinical application of the principle m 
a few cases by Sauerbruch, Kuttner and Willy Meyer prove that it 
is suitable also m cases of tuberculosis In experiments on rabbits, 
I obtained the same results A series of dogs is still under observation 
The roentgenograms taken at different intervals reveal a marked increas- 
ing fibrosis Phrenicotomy performed at the same time as ligation 
of the pulmonary artery is very helpful 

From my present findings, I believe that, by combining these two 
procedures, and by using the paralyzed diaphragm and the mediastinum 
as relative movable organs for the retracting lung, we shall obtain 
the greatest amount of fibrosis, and we shall be able to bring about 
healing clinically, even in very advanced cases of unilateral tuberculosis 
by encircling the foci of infection with a covering of dense fibrous 
tissue Hence, the lung will also be prepared in a very careful way 
for a secondary lobectomy , and the patient will be able to recover 
after the first operation (ligation of the pulmonary artery), and 
endure much more easily a second lobectomy, which eliminates the 
tuberculous foci of infection, rendered quiescent by their fibrous 
envelop 

A second method of producing fibrosis of the lung by direct action 
is partial occlusion of the veins Basing their opinion on the pathologic 
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findings, Rokitansky and Tripier pointed out that an organic heart 
lesion diminishes the tendency to tuberculosis of the lung Eichhorst 
and Fraentzel restricted the application of this law, basing their opinion 
on their clinical expenence m lesions of the left side of the heart 
Tiegel proved experimentally the truth of the law that partial occlusion 
of the pulmonary veins of one side or of one lobe, followed later by 
intravenous injection of tubercle bacilli, makes the side or lobe of the 
lung so treated much less liable to infection than the side on which 
operation was not pei formed By this operative procedure also, we 
secure stasis m the lung, with resultant edema and extravasation of 
blood The inflow fiom the pulmonary artery meets an obstacle, 
which persists The resulting edema has, within a few months, the 
same effect on the lung as ligation of the pulmonary artery Fibrosis 
takes place, with a tendency to be most dense around the foci of 
infection, the toxins acting as increasingly poweiful stimuli to this 
fibrous tissue foimation A series of dogs on which I made this 
occlusion are still under observation 

In patients having a slight infection on one side, with a family 
history of several cases, this procedure, earned out with a Halsted metal 
band, may be the procedure of choice The stasis must be effective for 
at least several months After taking oft the band, later, the function 
of the lung could be partly restored The effect of this procedure m 
a lung threatened by infection, when the organism shows diminished 
resistance, would be partly curative, partly preventive 

A third method of bringing a lung to functional rest would be 
blocking the air passage This was done experimentally by Dr Halsted, 
and then by Dr Crowe at the Johns Hopkins University, who blocked 
the mam bronchus of a lung with a piece of fascia After a few 
months, a dense fibrosis of the resting lung had developed The lung 
became much smaller The bronchi were considerably enlarged, 
proportional to their size, and were filled with a homogeneous, 
jelly-like mass 

These are the three different procedures which cause fibrosis of the 
lung m the same way, by direct decrease m the physiologic function of 
the lung Immobilization of the organ hastens the process The results 
may be obtained m a relatively short time, probably shorter than by 
using the indirect methods of artificial pneumothorax and extrapleura 
thoracoplasty Ligation of the pulmonary artery combined with phren- 
icotomy, or partial occlusion of the pulmonary veins, are metho s 
which should be worked out clinically for cases of unilateral tuberculosis 
The findings m the experiments, and a few clinical observations, 
encourage us to follow up this aid to thoracic surgery for the cure 
of patients suffering from chronic infectious disease of the ung, 
particularly tuberculosis of the lung 



OBSERVATIONS ON LUNG SUPPURATION AND 
ITS TREATMENT 

A BRIEF REVIEW OF PERSONAL EXPERIENCES AND CLINICAL 
IMPRESSIONS OBTAINED WITHIN THE 
LAST TWELVE YEARS * 

WILLY MEYER, MD 
Attending Surgeon, Lenox Hill Hospital 

NEW YORK 

The principal topics dealt with in this paper are 
I The nomenclature of lung suppuiation 

II The results obtained with the help of the bronchoscope m the 
treatment of lung suppuration 

III The establishment of a lung lip-fistula m certain cases of bronchi- 
ectatic lung abscess 

ETIOLOGY 

The etiology of suppurative inflammation of the lung is similar 
to that of pus formation m other parts of the body That is to say, 
it is due to traumatism inclusive of the entrance of a foreign body , to 
the invasion of the pulmonary tissue by pus-forming microbes, the 
products of which are not absorbed, but form an abscess , to a specific 
inflammation of the chronic type (tuberculosis, syphilis), or, lastly, to 
the presence of, or the breaking down of, a benign or malignant tumor 

Fulminant, acute inflammation, subsequent to the sudden occlusion 
of a large branch of the pulmonary artery by a virulently infected 
embolus or to the aspiration of extremely septic material, which is 
likely to produce acute progiessive gangrene and pus formation, also 
exceptional conditions, as actinomycosis and suppurating hydatid, are 
not considered here 

If, in the term “foreign body,” we include also liquids, or m other 
words, if we substitute the word “substance” for “body,” we may be 
right in asserting that the great majority of pulmonary suppurations, 
excepting, of course, tuberculosis and syphilis, are due to the entrance 
of a “foreign substance” into the bronchial tree and lung tissue The 
bullet, pieces of clothing, bone-splmters, etc , that enter the organ m 
violent traumatism from without, through the chest wall, as well as 
“foreign substances” that entei the bronchial tiee and lung tissue by 
aspiration through the mouth and the trachea, all tend to produce 
inflammation and suppuration 

* Read in abstract before the American Association for Thoracic Surgerj, 
Washington, D C , April 29, 1922 
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After some time has elapsed, the suppuration invariably involves 
the alveolar tissue of the lung, plus the communicating bronchi, the 
two structures within the lung which always represent a unit in a 
pathologic sense 

The degiee and rapidity of inflammation depend on the virulence 
of the bactena that entei with the foreign substance, that is to say, 
on the infectiousness of the mateiial Of aspirated fluids, the principal 
representatives, according to clinical expenence, are (1) stomach 
contents, aspnated during geneial anesthesia, stomach lavage, etc , 
(2) blood and mucus, mixed with semisohd or solid infectious material 
(plugs, tissue), aspirated in the course of nasopharyngeal operations, 
particularly tonsillectomy, or the removal of adenoids, and (3) infected 
water, aspirated while the person is swimming 

It is also possible, and appears plausible, that the sputum, dis- 
charged from the alveoli during the course of the inflammation and 
the convalescence from typical pneumonia, is reaspirated from the 
bronchial tree with the paroxysmal deep inspirations following the 
coughing spells, and produces a postpneumomc lung suppuration Such 
sputum may also be aspirated into hitherto uninfected parts of the 
lung m the act of expectoration and subsequent inspiration 

In other instances, the pneumococci, or a nncrobic infection of a 
different type (streptococci, or other pyogenic bacteria), may directly 
produce a suppuration of the lung in the presence of nonresolution of 
the inflamed area 

It is different with tuberculosis and syphilis, m which one or 
more tubercles or gummas break down, producing suppuration And 
even there, it appears plausible to assume that the “spread” of the 
purulent inflammation is often due to aspiration, producing a slow 
or quick sequence of lobular pneumonic foci 

The aspiration of pus and mucus from an abscess of the upper 
portion of the lung into other parts of the organ, particularly mto 
the lower lobe, for example, during an extrapleural thoracoplasty in 
an operation for advanced pulmonary tuberculosis, or in an operation 
for nonspecific chronic suppurating disease of the lung, although 
belonging to this class, has a place of its own 

I believe that the dreaded lung suppurations following tonsillectomy 
and the removal of adenoids are almost all due to aspiration of bloo , 
mucus, particles of the infected glandular tissue or tonsillar plugs 
during the operation The theory of lung infection subsequent to 
tonsillectomy by way of the b'ood stream seems far fetched and less 
plausible, although one or the other case may perhaps develop m 
this way 

GROSS PATHOLOGY AND NOMENCLATURE 

In the evolution of the subject of subacute and chronic lung SU P^ 
puration, the discussion centers around typical subacute an c ron 
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lung abscess on the one side, and bronchiectasis on the other The 
border line between the two conditions cannot be sharply drawn 
Where does the pathologic picture of lung abscess end and that of 
bronchiectasis begin? It is hazardous for one not a pathologist to 
plunge into that question 

There is, at present, a great deal of confusion in the nomenclature 
of lung suppuration Without entering into the details of the well 
known gross pathology of these affections, 1 should venture to say, 
from a clinical standpoint, that the “single” circumscribed cavity 
within the lung, that contains pus and nothing else, should be regarded 
as lung abscess, whereas a “multilocular” cavity formation with sup- 
puration, which, on cross section, presents a honeycomb-like appearance, 
a purulent disease of chronic character, which had spontaneously 
attacked many places within one or more lobes of the lung, on one or 
both sides of the chest, before the patient had surgical or special 
treatment, represents bronchiectasis 

Of course, I realize that a true lung abscess can occur m multiple 
affections, for example, one single circumscribed cavity may occur 
in the upper and one in the lower lobe of the lung, just as we may 
find one abscess cavity m the left lobe of the liver and a second one 
m the right lobe 

Between the two classes are transitions which are seemingly difficult 
to classify I have opened an abscess in the depth of the lung, m 
which, when palpating, the finger passed “around the corner” — -the 
corner being formed by a projecting, partially broken down portion 
of the wall of the bronchus at its subdivision — and entered into a second 
smaller pus cavity Both contained fibrinous coagulations with detritus 
of very foul odor This is not a typical abscess, nor is it bronchiectasis 
To my mind, it seems correct, clinically, to call such a cavity a 
“bronchiectatic lung abscess,” that is, an irregular cavity, which evi- 
dently is the result of a local gangrenous inflammation of the lung, 
due either to aspiration and its consequences, or I believe, m rare 
cases, m which the history disproves aspiration as well as the breaking 
down of a gumma or of a tumor, to an infectious embolism of small 
caliber and low virulence The cavity usually contains, as just stated, 
many round and irregularly shaped, very soft and friable masses, 
fibrinous coagulations of varying size, usually not larger than a marble, 
plus grumous material all of which have the same fetid odor as the 
sputum Microscopically, these coagulations show necrotic tissue, blood 
clots and fibrin, containing many polymorphonuclear leukocytes and 
clumps of bactena 

Clinically, I would then divide subacute and chronic nonspecific 
lung suppuration not due to traumatism nor to exceptional occurrences, 
such as actinormcosis into three classes 
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1 The Typical Lung Abscess — This occurs usually subsequent to 
an attack of influenza or pneumonia, that means it is, in other words, 
an ordinary abscess, due to the breaking down of the tissue of the lung, 
which is attacked by the inflammation, and it has a tendency to heal 
after surgical evacuation 

2 Typical Bronchiectasis — This is the muJtilocular cavity forma- 
tion within one or more lobes of the lung — m exceptional cases, in both 
lungs — which, on section, presents a honeycomb-like suppurating 
appearance 

3 Bronchiectatic Lung Abscess 

In the typical bronchiectasis, the anatomic structure of the bronchi?! 
tree is primarily affected, but naturally the sui rounding lung tissue 
is also involved later on, the intensity depending on the extent to which 
a mixed infection with its deleterious results has invaded these cavities 

The more I have thought about this affection and seen it, the more 
I believe that it must be of congenital origin, at least in the greatest 
number of cases We should best reserve the term bronchiectasis 
for this particular, typical lung affection It will always be easily 
recognized as such pathologically, after one has once seen the remarkable 
specimen after removal, either at operation or neciopsy (Fig 1) 
Clinically, it is found mostly in young persons who have had neither 
pneumonia nor influenza or submitted to any nasopharyngeal or other 
operation under general anesthesia It affects more often the lower lobe 
than the upper, and is found more frequently on the left than on the 
right side The secretion of these abscess cavities may not necessarily 
be foul Lately I have observed a young man, aged 17, who has been 
sick for more than two years When asked to expectorate, he could 
fill, m the exaggerated knee-elbow posture, quickly and at will, more 
than half of a medium-sized pus basin The secretion poured fiom Ins 
nose and mouth as in a vomiting spell, and it had no odor whatsoever 
On examination of the same patient during operation, the surface of the 
lung was of the normal, yellowish-pmk color The presence of a 
pathologic condition was demonstrated only by a gi eater resistance to 
the examining finger The pulmonal pleura was entirety normal and 
without adhesions 

The third class, the so-called “bronchiectatic lung abscess,” should 
embrace all the other nonspecific and nontraumatic subacute and chronic 
lung suppurations which are so frequently found The term well 
describes the pathologic picture seen after opening and evacuating 
the abscess The observer perceives large and small open cavities, 
which communicate with the visible central defect, the former bronchi- 
ectatic abscess When its contents are removed, any portion of the 
interior of the cavity, under good illumination, shows a picture not 
unlike that of the dilated pelvis of a kidney after removal of pus result 



ME YER—L UNG SUPP URA TION 


365 


mg from a pyonephrosis If we take a plaster cast of a bunch of grapes 
of varying sizes, divide the cast lengthwise and remove the grapes, th*» 
cavity of such a half, “the negative,” resembles to my mind the appear- 
ance of the cavity of what we have called “bronchiectatic lung abscess ” 
Of course, we must imagine that m many places, and scattered 
throughout the inside, the cut surfaces of larger and smaller bronchi 
would appear 



Fig 1 (Case 17) —Lower lobe of the left lung of a boy, aged 6, with typical 
bronchiectasis , specimen divided longitudinally 

In some of these cases, more than one cavity may be present, which 
cavities naturally communicate with, and empty their secretions through, 
that branch of the mam bronchus through which aspiration took place, 
or which belongs to the area infected by a septic embolus The second 
ca\it\ maj communicate with the first by a larger bronchus tract, and 
then dram to the surface sufficiently to heal (Case 2) , or it may com- 
municate with the first by means of a small bronchus, thus representing 
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a typical “hour-glass shaped” bronchiectatic abscess cavity If the 
second also contains fibrinous coagulations, it will keep up the clinical 
symptoms of improperly drained lung suppuration and require special 
incision with drainage (Case 5) 

The chosen nomenclature, bronchiectatic lung abscess, might be 
criticized, and perhaps rightly so Etiologically, pathologically and 
clinically, this affection represents something different from typical 
bronchiectasis There are no multiple cavernous distentions of the 
bronchial tree, with inflammatory affection and breaking down of the 
surrounding lung tissue There is a total defect of bronchi, plus 
adjacent lung tissue, a larger cavity, the result of gangrene and 
expectoration of broken down lung tissue, which was healthy and nor- 
mal before the inflammation had set in The term nonprogressive local 
gangrene of the lung would cover the pathologic picture However, it 
seems better, in order to keep in line with the accepted nomenclature of 
suppurative chronic lung disease, to call such a cavity a “bronchiectatic 
lung abscess,” as long as we know and remember what the name implies 

DIAGNOSIS 

Clinical and laboratory examinations, roentgenography and broncho- 
scopy combine to establish a more definite diagnosis The typical lung 
abscess often shows the classical symptoms of cavity formation m the 
lung On percussion, dulness is elicited if the abscess is in the depth 
and surrounded by infiltrated lung tissue, if nearer the surface, the 
sound is tympanitic (the positive com sound, and the cracked pot sound 
when the patient opens the mouth) On auscultation, loud bronchial 
breathing is heard, with a difference m the voice sound, loud and 
whispered, and larger and smaller rales The history, the short duration 
of the disease, elastic fibers m the purulent sputum, which is not very 
copious and which usually has a sweetish odor rather than the terribly 
foul odor often encountered make one suspect the presence of abscess 

The clinical findings may be trivial on percussion and auscultation 
m typical bronchiectasis But the long existence of the trouble, often 
extending from childhood or adolescence, the copious twenty-four hour 
sputum, which, in rare cases, is odorless, although usually it possesses 
a terribly foul odor and at times is intermingled with bloody streaks, 
and does not contain elastic fibers, a sputum that shows three layers on 
"standing, and, if involving the right middle or one of the lower lobes, 
frequently pours out of the mouth and nostrils in immense quantities 
when the patient places himself m a pronounced knee-elbow posture, tie 
clubbed terminal phalanges of the fingers and toes should make t ie 
diagnostician consider this disease 

The diagnosis of bronchiectatic lung abscess requires, besides tie 
classical clinical symptoms of a cavity, or cavities, a history of aspiratio 
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or of sudden onset of the trouble at any time of the patient’s life 
without traceable cause The sputum is also copious and always \ery 
foul 

Stereoscopic roentgenograms present a beautiful plastic pictwe 
of diffuse density, but often fail to assist the surgeon m making the 
diagnosis of typical bronchiectasis They are, however, of much 
value m cases of the typical lung abscess, as well as of the bronchiectatic 
lung abscess Here they often demonstrate clearly the presence of one, 
or more, larger or smaller cavities, with a distinct fluid level 

Much remains to be done, it seems to me, by roentgenologists in 
this type of disease They must learn, not only to determine the 
presence of an abscess, but also to localize more accurately the focus, 
and, if possible, the exact location of adhesions between the pulmonal 
and costal pleura True, now and then they succeed m localizing cor- 
rectly the seat of the trouble, telling us how many inches we have to 
measure from the spinous process of the seventh neck vertebra down, 
and how many from there to the right or left side, in order to find 
the spot where the aspirating needle should enter and strike the abscess 
But these cases, up to date, are exceptions, and we are not advised 
so far at what depth we are likely to enter the cavity, how many 
inches below the surface of the thorax we may expect to find it 

It is to be hoped, and greatly to be desired, that roentgenologists 
will devote further thought and investigation to this subject, m order to 
give the surgeon the real assistance which he needs when proceeding 
with his operative work on conservative lines 1 

If the surgeon is bent on lobectomy, a refined diagnosis is, of 
course, superfluous All he might find it convenient to know before 
operation is whether one or more lobes are the source of the sputum 
Comparing at present the value of roentgenograpluc and specialistic 
assistance in establishing the accurate diagnosis of lung suppuration, a 
trained bronchoscopist certainly is the best friend of the surgeon He 
will clearly localize the disease and indicate definitely which lobe is the 
only, or principal, source of the sputum If a bronchoscopist is not 
available, or if the operator does not favor such specialistic examination, 
direct inspection and palpation of the lung after thoracotomy will give 

1 A few dajs ago I received a communication from the roentgenologist 
of the Lenox Hill Hospital, Dr William H Stewart, m which he recommends 
that in order to make accurate localizations, the roentgen examination should 
be made fluoroscopically in the operating room, the patient being placed in a 
position similar to that m which lie is placed by the surgeon for the operation 
Roentgenologists now ha\ e a small Coolidge tube w r hich is immersed in oil 
m such a wav that all of the high tension wures are protected so that danger 
from shock to the operating room force is eliminated The fluoroscopi is 
done bj the roentgenologist in the operating room, with the aid of a hooded 

(Continued on fane 168 ) 
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the experienced surgeon the desired information regarding the actual 
extent of the disease Still in determining whether radical or a more 
conservative operative interference is indicated, it is of very great value 
to know beforehand the exact location and extent of the disease 


PROPHYLAXIS 

1 Aspnation of Stomach Contents Dm mg and After Operation, 
also Dining Gastnc Lavage — Careful preparation of the patient for 
opeiation, trained anesthetists in attendance at the operating table, and 
watchfulness after the patient has been returned to his bed, combined 
with proper posture (Sims’), more important still, gradual widening 
of the field of regional and local anesthesia in our daily operative work, 
will help to reduce the number of lung affections due to aspiration 
during and after the operation Sims’ posture m horizontal or m a 
slight Trendelenburg position will prevent aspiration of mouth secre- 
tions and vomited material while the patient is being returned from 
the operating table to his bed, as well as later, also during gastric lavage 

2 Aspiration During Nasopharyngeal Operations — Instrumental 
evacuation of fluids from the mouth and throat by continuous suction, 
with proper posture of the patient during tonsillectomy and adenoid- 
ectomy, better still, operation performed under local anesthesia when- 
ever possible, with crushing of the blood vessels before division, at 
least m older children and in adults, will enable the specialist to prevent, 
or reduce to a minimum, aspiration of infectious material below the 
glottis m the course of his work 

If the operator prefers general anesthesia — and he may be justified 
m this because a number of deaths, seemingly directly due to local 
anesthesia m cases of tonsillectomy, have of late been reported a 
trained anesthetist is the principal factor m avoiding lung complications 
Certainly, this most important subject of performing tonsillectomies and 
nasopharyngeal operations under local or general anesthesia is m great 
need of further unbiased discussion 


fluoroscope, through which he can clearly see the course of the needle an 
thus aid the surgeon in locating the abscess cavity I quite agree with you 
that one cannot depend on this method alone, and that preliminary localization 
should be made prior to the fluoroscopy m the operating room at the time 
of the operation Difficulty in making accurate preliminary localizations is 
largely due to the following (1) neglect on the part of the roentgenologist 
properly to center the roentgen-ray tube through the diseased area, ( ) 
considerable change in the localization during inspiration and expiration, ( ) 
examination of the patient most frequently m positions which do not correspon 
to those used by the surgeon on the operating table, (4) relaxation of t he 
patient when fully anesthetized and on the operating table, which has a tendency 
to change conditions to some extent from those which existed at the time 
of the preliminary localization ” 
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3 Aspiration of Infected Watei While Swimming — Lung abscess 
due to aspiration of infected water is a rare occurrence However, a 
few true cases have been observed by the late Dr Lynah of New York 
City m two boys who had gone for a swin in the infected waters sur- 
rounding Manhattan Island One of them almost drowned In every 
case, the colon bacillus was found m pure culture m the lung abscess 
This observation affords important hints as to how to avoid such 
occurrences m the future, and how eventually to prevent a full develop- 
ment of the late results of such aspiration In order to prevent 
such occurrences absolutely, it is necessary to give New York and other 
cities similarly situated a proper drainage system conforming to the 
rules of modern advanced sanitation, and stop draining directly into 
the rivers surrounding our large cities That, however, is for the 
present moment a “pium desiderium ” 

With regard to forestalling the full development of lung suppuration 
due to aspiration m general, by means of preventive therapy, it seems 
to me that experience with the bronchoscope already at hand clearly 
points to the necessity of a quick, aggressive plan of treatment Know- 
ing that the late result of any type of an aspnated foreign substance 
into the lung means almost always suppuration of the lung, the primary 
duty of the physician and the surgeon is clearly outlined The foreign 
substance which has entered the bronchial system, be it solid, semi- 
solid or liquid, ought to be removed as soon as possible, before it 
has time to get a firm hold on the lung tissue itself Judging from 
the remarkably beneficial result of bronchoscopic suction in an early 
case of mine, and a few additional similar ones seen by others, I 
incline to the hope that prompt cleansing of the stem bronchi and 
their respective divisions, which may clinically mean cleansing also the 
adjacent lung tissue itself, by means of aspiration in the hands of an 
expert, irrespective of the presence of high fever and general malaise, 
will prove a most valuable prophylactic means m avoiding, or at least 
mitigating, the threatening acute, subacute and chiomc lung suppuration 
m some of these patients 

Who can tell but that perhaps m the future the medical man will 
join hands with the bronchoscopist, even m the treatment of pneumonia 
proper, not alone of the aspirating type, when it comes to particularly 
difficult, long drawn-out cases' How clearly, then, it is the duty of 
e\ery modern hospital to have on its staff an expert bronchoscopist 

TREATMENT 

In the beginning of our thoracic work, the indication as to whether 
and how to proceed could not be correctly established We were 
actual!} groping m the dark With the personal willingness to help 
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these patients by operation, and not always knowing which method, 
conservative or radical, would be best adapted to the case m hand, 
also trying to help m developing the various operative procedures, I 
feel today, on looking back, that several patients were operated on to 
whom it would have been better to refuse operation, and that some 
patients were submitted to a definite surgical interference in whom 
another procedure might have given better results 

Before glancing over the piactical results that have been obtained 
and observed by me within the last twelve years by the various methods 
of surgical treatment, specialists and operative, m acute, subacute and 
chronic nonspecific lung suppuration, a brief statement appears proper 
as to how it came about that I have tested “all” the conservative 
methods of dealing with the disease m question, besides, of course, 
ti eating seveial patients also with resection of the lung 

In our experimental work at the Rockefeller Institute, m the years 
1908 to 1912, we had found that healthy dogs stood the removal of 
one or more lobes of the lung very nicely They were almost entirely 
well after forty-eight hours, jumping around and barking as if nothing 
had happened another proof of Nature’s wonderful generosity in 
endowing the animal (human) system 

Of twenty-six dogs thus operated on, twenty-two recovered (84 6 
per cent ) 2 When testing the contents of the chest, m the place of 
the removed lung lobe or lobes, the aspirator invariably found air, never 
fluid, m contrast to the experience of Sauerbruch and Robinson, who 
always found fluid 3 

1 believe, with a perfectly aseptic course of healing after lobectomy 
m the healthy dog, with separate ligation of the blood vessels that 
accompany the bronchus, also with crushing, combined with air-tight 
inversion and suture of the bronchial stump and subsequent immediate 
complete closure of the chest, air will be found as a rule within the 
chest in place of the excised lung portion, and not serous fluid 4 

The anatomic proof of how Nature then takes care of the resulting 
defect was rendered possible through the courtesy of Dr Francis 
Carter Wood of New York, who was good enough to give us his active 
assistance m this part of the work At various intervals after t be 
operation, under general anesthesia, he bled to death the dogs thus 
operated on, through an incision into the femoral artery, and then 
injected a 5 per cent aqueous dilution of liquor formaldehydi into the 
vascular system Thereupon, the cadaver was frozen and the thorax 

2 Meyer, Willy Zentralbl f Chir 36 1713 (Dec ) 1909 

3 Sauerbruch and Robinson Deutsch Ztschr f Chir 102 542, D 

4 Heuer, G J, and Dunn, G R Bull Johns Hopkins Hosp 31 31 (Feb ) 
1920 
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cut horizontally with a saw, at different levels The specimens thus 
obtained were most instructive They proved, anatomically, what had 
long been observed clinically in patients with diseased portions of the 
lung , namely, that the opposite mate hypertrophies, and, through dis- 
tention of its parenchyma (compensating emphysema), gradually fills 
the place of the cavity produced by the excision of the lobe Some 
of these specimens were shown at the meeting of the American Surgical 
Association in Washington, 1912 5 They are still m my possession 
With this experience m mind, May 12, 1909, we approached rather 
enthusiastically our first attempt at lobectomy m the human being The 
patient, a boy, aged 6 years, with typical localized advanced, evidently 
congenital, bronchiectasis of the left lower lobe, had been referred to 
me by the late Dr Pisek of the Post-Graduate Hospital With the 
patient’s head and the anesthetist under differential pressure within 
the positive pressure cabinet — the only type of apparatus for differential 
pressure then available with the exception of the negative chamber, 
which had not yet been installed at our hospital — we opened the chest, 
loosened the adherent lobe and treated the pedicle, bronchus and blood 
vessels, as we had learned to do in our experimental work Today, 
we know that such detailed treatment of the chronically inflamed stump 
is not advisable m human beings After the vessels had been ligated, 
we crushed the bronchus with a powerful clamp, and, just as we were 
tying it, the anesthetist informed us that the patient had suddenly 
stopped breathing Long-continued efforts at resuscitation failed We 
were all utterly disappointed and unhappy and tried to explain our 
experience m various ways acute dilatation of the right heart, owing 
to the continuous increased air-pressure in the presence of a heart 
muscle, weak and diseased from years of septic infection, vagus 
reflex, etc 

This experience occurred a few weeks before the arrival of Di. 
Friedrich, then Professor of Surgery at the University of Marburg, 
Germany, who had come to America in the spring of 1909, at the 
invitation of the American Medical Association and the American 
Surgical Association to attend their annual meetings When I dis- 
cussed the boy’s death with him, he gave me the following advice 
Do not attempt to excise every chronically suppurating bronchiectatic 
lung lobe in the human Lobectomy is still a very serious operation, 
and thoracic surgery is still a very young child The many deaths that 
uould most likely result might give thoracic surgery a black eye in 
the estimation of our medical brethren Rather go ahead slowly and 
cautiously, and try conservative methods first ” I took his advice, and, 
m the course of the subsequent years, conscientiously and faithfully 

5 Tr Am Surg A , 1910, p 242 
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tested, step by step, all the various conservative operations advised 
for the surgical treatment of nonspecific pulmonary suppuration (1) 
collapse of the lung in the absence of adhesions by means of gas or air 
(artificial pneumothorax) , (2) operative collapse of the lung, in the 
pi esence of adhesions between pulmonary and costal pleura, by means 
of a thoracic incision and intrapleural loosening, with division of these 
adhesions, and closure of the chest with the lung collapsed, (3) opera- 
tive collapse of the lung, m the presence of adhesions between pulmo- 
nary and costal pleura, by means of extrapleural thoracoplasty (multiple 
rib resection) , (4) ligation of a branch of the pulmonary artery, with 
or without thoracoplasty, (5) resection of the lung, (6) incision of 
the lung with drainage, (7) bronchoscopic treatment m the hands of 
an expert c 

A bird’s eye view of the surgical treatment of suppurative inflam- 
mation of the lung permits one to place it parallel with that of suppura- 
tive inflammation of the kidney In acute and chronic pyelitis, we 
perform cystoscopy and ureteral catheterization with antibacterial irriga- 
tion of the renal pelvis, in suppurating pyelonephritis, particularly 
when due to stone, we employ incision plus drainage, and, in advanced 
cases, after proper functional tests, nephrectomy What cystoscopy and 
ureteral catheterization, inclusive of the use of the operating cystoscope, 
accomplish m renal surgery, bronchoscopy (peroral endoscopy) does in 
the early and later treatment of certain suppurative pulmonary pro- 
cesses , nephrotomy corresponding to pneumotomy and nephrectomy to 
lobectomy 

Let me now briefly survey what I have seen and learned m this 
class of cases m the last twelve years I shall do so under the three 
headings discussed above, namely, lung abscess, bronchiectasis and 
bronchi ecta tic lung abscess 

A LUNG ABSCESS 

These abscesses usually are, as mentioned above, the sequelae of 
an attack of pneumonia or influenza, possibly some cases are also due 
to an embolism of an infected thrombus of small caliber and low degree 
of infection, or to the entrance of bacteria as emboli, by way of the 
blood stream 

In dealing with the treatment of this disease it must be borne w 
mmd that such a lung abscess may heal spontaneously, as may be seen 
from the following illustrative case 

6 I did not try the transposition of the affected lobe according to Garre, 
nor the subdiaphragmatic transposition of the diseased lower lobe, m com 
bination with, and rendered possible by, artificial paralysis of the diaphragm on 
the same side by means of phrenicotomy, as proposed by Henschen 
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C ASE i Several years ago, a man with a typical unilocular, suppurative 

lung disease was seen by me in consultation and admitted to the hospital 
General and local treatment (posture expectoration, Priessnitz dressings, good 
nourishment, etc) was instituted Slow improvement followed A localized 
cavity, well manifested clinically, persisted Operation was advised, but 
not accepted After several weeks of observation, the patient left the hospital 
and was lost sight of Later, by chance (discussion at a medical meeting), 
definite news regarding the patient’s condition was received from his attending 
physician to the effect that the man had completely recovered without operation 

Similar cases are reported m the literature The operations for lung 
abscess which I have performed during the last twelve years are the 
following 

Case 2 — M W, a man, aged 41, who had been sick for ten weeks, and who 
expectorated quantities of pus, had an abscess m the left lower lobe, following 
pneumonia The roentgen-ray findings were positive Aspiration m the eighth 
intercostal space and paravertebral line detected pus Operation was performed 
April 19, 1915, at the Lenox Hill Hospital, under local anesthesia The eighth 
and ninth ribs were resected posteriorly, and the intercostal tissues excised 
Aspiration in the bed of the ninth rib again detected pus A large cavity was 
opened with the Paquelin cautery alongside the needle Many bronchi com- 
municated with the abscess cavity Tamponade was followed by cure 

Casr 3 — A L, a man, aged 32, had had influenza four months previously 
Since then he had had a cough and purulent intermittent fetid expectoration, 
of moderate quantity in twenty-four hours On standing, it formed three 
layers The roentgenograph and bronchoscope corroborated the clinical diag- 
nosis of localization in the left lower lobe The patient was the father of 
a big family He consented to operation, but demanded the mildest inter- 
ference Jan 11, 1917, operation was performed under pharyngeal anesthesia 
Through an incision in the seventh intercostal space down to the pleura, the 
lung was seen to move The pleura was opened, and the lung was perfectly 
free anteriorly, and, laterally, it was adherent only near the spine, in a larger 
area, from the level of the incision upward Pneumotomy was decided on 
Aspiration in the paravertebral line, near the posterior wound angle, a needle 
still entering within the area of incision, revealed pus, from about l 1 /? to 2 
inches below the surface The needle was removed and the puncture spot 
compressed Resection of the seventh and eighth ribs for their entire length 
with total excision of the intercostal soft tissues was performed Air-tight 
drainage m the ninth intercostal space posteriorly was provided for La 3 'er 
sutures of the chest wound were inserted in the anterior three-quarters, care 
being taken to close the pleural cavity thoroughly The latter procedure was 
difficult in front on account of tearing of the tissues Here iodoform gauze was 
placed on top of the suture line, the border of a tampon being tucked under the 
muscle Repeated aspiration posteriorly then did not draw pus, but the needle 
dropped into a ca\it\ from which air was easiK aspirated The focus was 
exposed alongside the needle the actual cautcn diwding the lung perpendicularh 
downward that is parallel with the spine Pus and detritus were eracuated The 
wound was looseh tamponed the dressing being held in place b\ adhesne plaster 
\ir-tight drainage worked adnurabh In the course of the after-treatment, 
suppurating pleuns\ developed with marked febrile sxmptoms The xarwng 
kinds of pleural discharge could be obserxed beautifullx through the glass tube 
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which was interposed in the rubber drainage tube leading from the chest to the 
syphon below However, the inflammatory attack was easily overcome by this 
method of after-treatment Then followed uninterrupted recovery (Fig 2) 

Case 4 H B , a man, aged 24, the clinical diagnosis of whose case was 
abscess in the right lower lobe, corroborated by roentgenography, when examined 
bronchoscopically showed discharge from one branch of the lower lobe only, 
proving localization of purulent inflammation Aspiration, with the patient 
m the sitting posture and in the scapular line, detected pus Operation was 
performed, March 8, 1917, at the Montefiore Hospital, under general anesthesia 
A curved posterior periscapular incision was made with resection of a good- 
sized portion of the fourth to the seventh ribs, with the intercostal tissues 
Aspiration was successful through a Paquelm incision Only a small amount 
of pus was evacuated Loose tamponade and dressing were applied The 
same evening, the pulse was 132, respiration 40, indicating aspiration pneumonia 
The first deep dressing was made on the seventh day The wound was in good 
condition The high temperature with rapid pulse continued March 16, the 
patient died Necropsy revealed the principal abscess cavity m the lowest 
portion of the upper lobe, separated from the operative field by a very thin 
wall Multiple lobular pneumonic foci were detected m the left (opposite) lower 
lobe, evidently the cause of death 


Epicnsis — 1 When only a small amount of pus is found on opening 
a lung abscess, a larger quantity being expected, exploratory puncture 
should be made front within the lung wound m various directions m 
the search for neighboring cavities 

2 Local anesthesia should be pushed to the limit, when operating 
on these patients 


Case 5 — A man, aged 35, had an abscess in the upper portion of the left 
lower lobe, from no definite cause He had been sick for five months, coughing 
pus, at times mixed with blood Aspiration by a consultant outside the hospital 
had detected pus in the axillary line Clinical examination, with stereoscopic 
roentgenography and bronchoscopy, located the cavity at about the fourth 
intercostal space in the axillary line No foreign substance was seen within 
the bronchial tree Operation was performed, Oct 22, 1917, at the Lenox Hi I 
Hospital, under local and general anesthesia, later on a general anesthetic bein 0 
required The skin incision was made over the fourth rib m the axillary line 
Resection of a portion of the fourth and fifth ribs was made, then also of t 1C 
third rib through the same incision When excising a piece of the third nb a rent 
was torn in the pleura above the upper border of the bone The opening was use 
for exploration with the finger The lung was found adherent m the fourth inter 
costal space, otherwise it was perfectly free The pleural rent was temporari \ 
compressed with a pad of moist gauze Aspiration m the fourth intercosta 
space, within the area of adhesion, detected pus, about 2 inches deep Wtth t ^ 
needle and syminge held m place by an assistant, air-tight drainage of the p eur^ 
cavity in the ninth intercostal space, posteriorly, was quickly carried out osl ’^' 
of the pleural rent by' suture proved technically impossible, there ore, ^ 
costal pleura was stitched to the surface of the lung At one place, a S 3 ** 
tampon was required as the tissues tore Trusting in the efficacy' of t le air 
drainage of the pleural cavity', and also having had a fortunate sinn ar e 
rience (Case 3) m mind, the lung was incised alongside the aspiratin D 
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with the cautery, and the abscess emptied and drained The lung wound was 
left wide open The first three days the convalescence was favorable The 
temperature was slightly higher than before operation, the pulse was good On 
the fourth day, some emphysema of a mild degree appeared around the face, 
neck and upper extremities It was nonprogressive The temperature was low , 
pulse, full, though above 120 Arrangements were made to change the deep 
dressing under differential pressure, when the patient suddenly died 

Only wound inspection was permitted A small amount of turbid fluid was 
found in the pleural cavity, and some air bubbles in the mediastinum 

Epicusis — 1 Too many ribs should not be excised for opening 
a lung abscess, when the abscess has been definitely located Resection 
of one or of two adjacent ribs, here the fourth and fifth, would likely 
have given the access required and the desirable yielding of the chest 
wall during cicatrization 

2 A rent m the pleura presents a grave complication Particular 
care is required on the part of the surgeon when resecting ribs m the 
upper portion (from the fourth upward), where this accident is par- 
ticularly liable to occur on account of the triangular shape of the ribs 

3 In case an accidental pleural rent does occur, which cannot be 
closed by suture, a two-stage operation is preferable, viz , immediate 
complete closure of the wound with air-tight drainage of the pleural 
cavity , incision of the abscess being performed at the second stage 

Cvsr 6 — A woman, aged 26, who had postpneumomc lung suppuration, had 
been sick for many months She had high fever, and expectorated 400 cc of 
sputum in twenty-four hours The roentgenogram revealed clearly a cavity m 
the right upper lobe The patient was admitted to the hospital, Oct 18, 1919 
Under careful nursing and hydrotherapeutics, steady general improvement 
occurred, as well as local improvement, as shown by gradual decrease of sputum 
and diminution of roentgenographic shadow But the patient was restless and 
pleaded for the carrying out of treatment that promised quicker, definite results 
November 20, aspiration of the lung anteriorly and posteriorly, was performed in 
various places, with preparations ready for immediate operation The result was 
negative, and operation was advised against Conservative treatment was con- 
tinued There was no further rapid decrease m the cough and amount of 
sputum The patient insisted on operation for various personal reasons The 
surgeon’s better judgment, which favored further temporizing, was o\ ercome 
b\ humanitarian sentiments Operation was performed December 3, with no 
primary aspiration On the basis of the roentgenologist's exact measurements 
as to localization of the pulmonary focus which placed it nearer the back and 
after thorough preparation by means of regional and local anesthesia, a posterior 
hook incision was made The scapula was loosened and pulled aside, the fifth 
to the seventh ribs inclusive, being resected The intercostal tissues were 
excised The pleural leaves appeared adherent Repeated aspiration at various 
levels and in different directions from the exposed area failed to reveal pus, but 
the sv ringe barrel tilled quicklv vv ith air at one place, and the patient expectorated 
some blood Remembering the rule that easv aspiration of air into the barrel 
of a faultlesslv working sj ringe lias, more or less, the same value clinically 
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as aspiration of pus, it was assumed that the abscess cavity had been struck, its 
contents having been evacuated by posture and voluntary expectoration before 
operation Actual cautery division of the lung tissue was accomplished Sud- 
denly severe hemorrhage occurred, which did not cease when gauze tampons were 
gently removed after prolonged digital compression It became necessary 
to stop the operation, pack the lung wound, and compress it with broad strips 
of adhesive plaster After a few days of comparative well-being, a slowly 
rising temperature, with increased pain and cough, developed The deep dressing 
was changed, the wound was perfectly dry, and there were no granulations 
Some pus oozed from the lung wound On the ninth day' after operation, 
the patient died with symptoms of lung edema Necropsy or wound inspection 
was not permitted 

Epicnsis — 1 The surgeon should not submit to the patient’s wishes 
m the face of gradual improvement, in this class of case, which may 
mean spontaneous cure 

2 If pneumotomy is decided on, one should try to enter the lung 
from the front or the side, not from behind, even if roentgenography 
localizes the focus nearer the back than the front or the side It is 
evident, and clinical experience proves it, that the larger sized pulmonarj 
vessels are more easily injured by posterior approach 

COMMENT 

In thoracic operations in general, as well as m the operative treat- 
ment of typical lung abscess, I consider it to be of the utmost importance 
and greatest benefit to the patient, if a “virgin” pleural cavity had 
been entered during the approach to the focus, accidentally or inten- 
tionally, or if a pleural cavity had been opened that presented but a 
few adhesions, to arrange the further advance in such a way that the 
thorax will be closed with air-tight drainage at the completion of the 
operation Never, to my mind, should a gauze tampon, even if 
hermetically covered with a rubber dam — the latter’s borders then being 
glued to a cover of sterile zinc ointment, spread over the skin be left 
m the angle of a pleural incision or a pleural rent, if the latter tears 
on suture and cannot be securely closed otherwise It seems advisable, 
then, to decide on a two-stage operation and close the incision com- 
pletely, employing air-tight drainage of the chest, after the hand palpat- 
ing within the pleural cavity has detected the situation of lung adhesion, 
which almost invariably corresponds to the suppurating focus beneath 
A superficial cross mark with the knife should mark this important 
spot on the skin This is the place where the aspirating needle must 
enter when the first incision has firmly healed 

If conditions permit incision and drainage of the abscess at t tie 
same sitting, it naturally affords an advantage for the patient (Case ) 
However, these have to be looked upon as representing particular i 
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fortunate occurrences I feel that the patient m Case 5 would have 
had a better chance for recovery had I performed the operation m two 
stages He died, I think, not as a result of infection caused by incision 
and drainage of the abscess at the same sitting, but of infection caused 
by the incomplete closure of the thoracic wound, producing an incom- 
plete postoperative lung collapse, a “sucking wound, 5 with its ever great 
invitation to general sepsis 

If for any reason air-tight drainage of the pleural cavity appears 
impossible, it would be taking chances to close the thorax and leave 
the patient to himself Under such conditions, the pleural wound that 
cannot be closed should, to my mmd, be left open, completely or 
partially, with rubber tube drainage, as applied m other parts of the 
body, and the patient promptly placed under differential pressure after- 
treatment That is to say, if a positive pressure cabinet or a negative 
chamber is available, one of these should be employed, preferably the 
latter, if not available, then any other device which will prevent the 
postoperatne lung collapse This treatment should be continued until 
the lung has become adherent to the chest wall, and the dangers of the 
occurrence of the postoperative pneumothorax have passed This will 
be in from twenty-four to thirty hours, on an average 

There is no doubt that the incision of the lung is attended with 
many risks, the principal ones being (1) opening of the free pleural 
cavity, (2) hemorrhage 

The annoying and sometimes dangerous complication of opening a 
free pleural canty during incision of a lung abscess can be avoided, 
or its frequency at least be reduced by (a) a greater precision m 
localizing the diseased focus within the chest, on the part of the roent- 
genologist, (b) resection of a sufficient number and a sufficient length 
of ribs to permit reaching the place where the lung has become adherent 

As mentioned above, I trust that the further development of the 
method of roentgenography with the help of gas insufflation into the 
bod\ cauties — m these cases the creation of an artificial pneumothorax 
foi no othei purpose than to find and localize the pleural adhesion or 
adhesions of the lung — will m the future frequently enable the surgeon 
to obviate the necessity of an exploration of the pleural cavity with 
the knife for the sake of precise localization of such adhesions What 
ue need is more clear!} to define the exact place where adhesions 
between the two pleural leaies hare formed, wdiether anteriorly, laterally 
or postenorh , a ho at what lei el of the thoracic cavity 7 , and thus render 
the same precision for the chest that pneumoperitoneum has afforded 
m diagnosing intra-abdominal adhesions 

If such diagnosis of the situation and extent of pleural adhesions 
could he defimteh established, preliminary aspiration of the affected 
lobe one or two dais preuous to the operation, so great!} desirable 
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in conservative lung surgery, yet so much and justly feared, will ha\e 
lost its dangers It certainly is a tremendous advantage, and greatly 
relieves the surgeon’s mind, if all the important diagnostic questions 
have been definitely settled before he starts to operate 

The extent of rib resection to afford greater exposure of the lung 
surface, coveied by parietal pleura plus endothoracic fascia, must, of 
course, be determined by clinical findings Observation of the mobility 
of the lung during respiration through these two, normally very thin, 
membianes helps m recognizing the best place to enter the lung, and 
the color of the lung surface also represents a reliable guide When 
the lung is diseased, the noimal yellowish-pink appearance, revealed 
as it shines through the overlying membranes, gives way to a bluish- 
black discoloration This is the place where the chronically inflamed 
lung usually has become attached to the chest wall 

B BRONCHIECTASIS 

The characteristics of this condition are multiple lung suppuration 
of one or more lobes, of long duration , honeycomb appearance of the 
affected portion of the lung on cross-section, due to the presence of 
many scattered suppurating foci Some of these show, m advanced 
and badly infected instances, calcified walls and strictured bronchial 
entrances, representing typical cesspools that harbor a fauna of partially 
anaerobic bacteria, which are principally iesponsible for the foul odor 
of the patient’s sputum, the presence of easily bleeding granulations 
or iriegular ulcerations, at or near the neck of these cavities, the 
former causing slight intermittent hemoptjsis, the latter sometimes 
severe, eventually fatal, hemorrhages A diffuse, putrid bronchitis is 
frequently coexisting 

This particular type of suppurating lung disease is, m the great 
majority of cases, probably dependent on a congenital malformation 
or arrest of development Many authors believe that it is also due to 
the sequelae of the aspiration of a foreign body, or to the obliteration 
of the pleural cavity subsequent to an empyema, that means, to a 
uniform and broad adhesion between the visceral and parietal pletna 
of the affected portion of the lung 

An aspirated foreign body, solid or semisolid, will interfere with 
the free access and exit of air to and from a certain part of the 
lung, will obstruct, and being nonaseptic, will carry into the bronchial 
tree, with respiration, a continuously present, infecting and reinfecting 
agent Such infection naturally produces inflammation and finally sup 
puration However, it is hard to conceive, always thinking and speaking 
from the standpoint of the clinician, how aspiration of any sort cou c 
produce the typical classical picture of lung suppuration, which pat 'O 
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logically is termed bronchiectasis Whether a flufty foreign body 
arrested within the lumen of a bronchus, for example, a bit of aspirated 
timothy grass which I obsened as a causal factor m a case of diffuse 
lobe suppuration m a young boy, or whether a benign intrabronchial 
tumor will ever produce typical bronchiectasis, remains to be seen 
Personally, I doubt it 

The patient suffers from a persistent cough, usually with a large 
daily quantity of more or less fetid sputum, which is often streaked 
with blood, but which does not show elastic fibers Jt presents three 
layers on standing There are clubbed fingers and toes, often irregular 
persistent fever, and metastatic joint affections may set in The clinical 
picture is that of tuberculous lung affection, but tubercle bacilli in 
the sputum are always missing The lung apexes are not involved, 
but other parts of the lung, principally the lower lobes, are affected, 
more so on the left than on the right side 

Clinical examination is often almost negative, particularly when the 
patient has just expectorated The roentgenograms reveal diffuse 
opacity, sometimes with small cavities, the findings are often unsatis- 
factoiy Bronchoscopy m the diagnosis more definitely defines the 
m\ olvement 

I Medicinal and Hygienic Thciapy — This is without effect 

II Specialists (Endobi onclual) Tieatmcnt — It stands to reason, 
and it has been m> observation, that intrabronchial local therapy, viz , 
suction with antiseptic applications and irrigations of the bronchial tree, 
can but slightly impiove this type of lung suppuration It should be 
tiled if operative advance appears absolutely contraindicated Its effect 
will at best, if combined with posture expectoiation, be subjective 
T hough rarely if e\ei reducing the amount of the sputum it will reduce 
its foul odor, thus making the patient more comfortable Still, there 
is no leason why bronchoscopists should not continue their investiga- 
tions in this class of lung suppuration if the patients should be con- 
sidered by the surgeon to represent too great a risk, or if the) 01 
their iclatives should refuse radical operation, that means lobectomy 

III Conscixativc O pci alive Tieatmcnt — It should be emphasized 
here once moie that m gathering these personal experiences m the con- 
senatne opeiatne treatment of subacute and chronic lung suppuration 
in the course of \ears, the differential diagnosis as to the carious classes 
as outlined abo\e was not made during the first years Ecen case of 
achanced lung suppuration that did not seem to be a locally defined 
abscess was termed — and is still termed here, in reporting the brief 
histories of patients who m the beginning of our thoracic work came 
undei treatment- — bronchiectasis 

Of the conscrc ati\ e methods enumerated aboce the first three, \i/ 
simple collapse of the aifected lung In means of artificial pneunio- 
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thorax, intiapleural freeing of the lung from its adhesions plus artificial 
collapse, and extrapleural thoracoplasty do not impress me as promising 
satisfactory results 

1 Simple collapse of the affected lung , m the absence of h oad adhe- 
sions , accomplished by establishing artificial pneumothorax 

Casf 7 — A girl, aged 22, who was much reduced, with bronchiectasis of the 
right middle and lower lobe, had been sick for four years In the spring of 
1915, regular intermittent nitrogen insufflation was employed, covering a period 
of several weeks, through the courtesy of the late Dr Whidden No improve- 
ment resulted 

Other authors have tested the effect of artificial collapse of the lung 
m acute and chronic suppurating lung disease longer and oftener Vol- 
hard succeeded m keeping the affected bronchiectatic lung, in an 
advanced case, collapsed for many months, with symptoms improved 
When the patient and physician had become tired of this treatment, and 
it had been discontinued, allowing the lung to distend gradually, the 
original trouble leappeared in its former seventy 

Tewksbury 7 of Washington wrote two very interesting articles on 
early artificial collapse m beginning lung suppuration after operations 
on the nose or throat, reporting ten cases with rather phenomenal clinical 
improvement, six cures and two deaths The method promised to 
become the treatment of choice in this class of cases Lately, Rich s has 
again recommended artificial collapse foi the early treatment of lung 
suppuiation He reports ten cases one following a pelvic operation, 
one following a simple cold, one following tonsillectomy under ether 
anesthesia , two following bronchopneumonia , four following the 
influenza bronchopneumonia syndrome In several of these cases, the 
roentgen-ray findings made it certain that interlobar empyema preceded 
the abscess formation It will be important and interesting to have the 
final results of these cases published after a number of years It is 
hard to conceive how that method can compete with early broncho- 
scopic suction m suppurations due to aspiration 

2 Opciative intrapleural fieemg of the lung pom its adhesions and 
closing the chest , with the lung in a visibly complete collapsed condition , 
followed by subsequent gas insufflations We tried this method in 
Case 7 

7 Tewksbury, W D Acute Pulmonary Abscess Treated with Artificial 
Pneumothorax, JAMA 68 770 (March 10) 1917, Treatment of Nontuber- 
cuious Lung- Abscess with Pneumothorax, ibid 70 293 (Feb 2) 1918 

8 Rich, H M Acute Lung Abscess Treated by Therapeutic Pneumothorax 

Am J M Sc 164 428 (Sept) 1922 
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Maj 24, 1915, thoracotomj was performed m the negative chamber, superficial 
chloroform anesthesia being employed The incision was made m the sixth 
intercostal space The lung was nowhere adherent to the chest w all The middle 
and lower lobes were visibly diseased, and partially atelectatic Firm adhesions 
to the pericardium and diaphragm, also in the complementary space posteriorly, 
were loosened bluntly and divided between the ligatures The lung was allowed 
to collapse, and the chest closed air-tight The patient stood the operation 
mcelj , and was wide awake when leaving the table The recovery from the 
operation was uneventful Gas insufflation was soon continued m order to 
keep the lung totally collapsed There was no marked improvement in clinical 
symptoms Relatives insisted on the patients discharge from the hospital, and 
she died at home several months later 

Comment — The latter method of combating subacute and chronic 
lung suppuration has never appealed to me, nor has its use m tuberculous 
patients If sufficient adhesions are present to prevent lung collapse 
by gas insufflation, and a conservative operative method is desired, col- 
lapse of the lung and the chest wall, with the help of multiple rib 
resection, appears more rational and logical With all due care, the 
surgeon will often not be able to avoid tearing the lung parenchyma, 
thus inviting pleural infection 

How fai thoracoscopy with division of adhesions, localized by direct 
inspection — the method inaugurated by Jacobaeus of Stockholm — will 
assist in handling such cases, the future must show 

3 E\ti aplcwal thoi acoplasty, lesection of fiom nine to ten ubs, 
without pi chminai y ligation of the blanch of the puhnonaiy aiteiy in 
cases in zvhich adhesions betzueen the tzvo pleinal leaves have icndcicd 
collapse by nitiogen oi an insufflation impossible 

Case 8 — A woman, aged 22, with bronchiectasis of the right lung, came 
under treatment at a time before the bronchoscopist had become the thoracic 
surgeon’s faithful allv Under local anesthesia and, later on, a few whiffs of 
anesthol, the patient stood \ery nicely the resection of the ten upper ribs 
(inchisne of the first) in two sittings, Jan 23 and March 8, 1915 However, she 
dc\ eloped an empvema on the same side during the after-treatment of the second 
stage With this drained, she was well at last and up and about, though little 
impro\ ed so far as the amount of sputum and other symptoms were concerned, 
when an acute suppuratne meningitis developed, of which she died 

It is worth remembering that about one fourth of the patients 
afflicted with bronchiectatic lung suppuration are stricken bv suppura- 
tne meningitis m the course of the disease (Tuffier) 

C\si 9 \ woman aged 45 was extremch emaciated as a result of post- 

pneumomc suppuratne affection The sputum amounted to from 5 to 600 c c 
Daih expectoration m the pronounced knee-elbow posture brought great sub- 
jective relief L nder local anesthesia and \er\ superficial anesthol general 
aiusilu-n permitting conversing with the patient during the entire operation, 
rejection oi the tenth to the first rib, inclusive was performed at one sitting 
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Feb 25, 1915 The patient stood the operation well, but continued to expectorate 
the same amount of sputum as before operation She lived several weeks and 
then died of exhaustion At necropsy a single old abscess cavity was found 
in the center of the upper lobe, and a second abscess, with the same charac- 
teristics, in the center of the lower lobe, presenting a picture of multiple typical 
lung abscess 

CASr 10— A young man, aged 21, with bronchiectatic affection of the lower 
right lobe, whose family was opposed to any major mtrathoracic operation, 
made an uneventful recovery after extrapleural thoracoplasty, with resection of 
the sixth to the tenth rib, inclusive, under local anesthesia, in December, 1919 
Two years after operation, he reported no reduction m the quantity of sputum 

4 Ligation of a blanch of the pulmonaiy aitoy, with oi without 
uibscanent cMiaplemal thoi neoplasty Sauerbruch and Bruns, in then 
expet intents on animals, found that ligation of the branch of the 
pulmonary artery supplying the area of operation, which means 
eliminating the function of the lobe, produced a pronounced formation 
of connective tissue in that pait of the lung, the latter becoming firmly 
adheient to the chest wall 

This operation was tested by Saueibiuch on fourteen patients, all 
of whom recox ered from the operation Twelve times it was combined 
with subsequent multiple rib resection Great improvement, approach- 
ing a cure, was seen in two patients, two weie very much improved, 
less pionounced improvement was seen in one, one remained unchanged, 
one, not improved, died of meningitis one and a half years after opera- 
tion, the remaining seven, not improved, were subjected to lobectomy ' 

Danes of London performed the operation once on a young man, 
aged 17, with great improvement of the disease The left lower lobe 
was affected 9 10 

My personal obseivation includes three cases 

Case 11 — A young Italian, aged 17, who had been sick for fixe years, latcc/ 
under sanatorium treatment expectorated large quantities of foul sputum 
Tubercle bacilli were never found The right middle and lower lobes were 
affected Bronchoscopic corroboration was not practiced at that time 4pril 
4, 1912, the lower branch of the pulmonary artery was ligated m the negative 
chamber Operation was begun under the novocam plus epmephrm anesthesia 
An intercostal incision was made in the fifth space, down to the pleura > e 
lung was seen to move The pleura was opened and a rib spreader put m place^ 
Then superficial nitrous cxid and o\ygen anesthesia was employed on account 
of continuous coughing and pressure The lower portion of the lung, of ar 
brown appearance, infiltrated on palpation There were manv adhesions to t ie 
diaphragm mediastinal tissues and at the apex After blunt loosening ant 
division of these, the lung could be brought forward The interlobar space 
was obliterated, just marked by a fine line An attempt at separation tore tie 

9 Sauerbruch, F Chirurgie der Brustorgane, Ed 2, i 587, 1920 

10 Davies, H M Surgery of the Lung and Pleura, New York, an 

Hoeber, 1920, pp 219-221 
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lung Therefore, the lung was pushed outward, and held by an assistant, and 
the stem of the bronchus was palpated and exposed The pulsating vessel on 
its upper surface was ligated with silk, as was also a second larger branch above, 
seemingly running to the middle lobe Toilet of the pleural cavity was per- 
formed , complete layer closure of the chest without drainage was accomplished 
Recovery was uneventful A pleural effusion proved, on tapping, the presence 
of clear fluid which was sterile Complete thoracoplasty of the second to the 
tenth ribs, inclusive, also of the rib cartilages, was performed under local 
and regional anesthesia, in three steps, four and one-half, six and eight weeks 
after the first operation The patient was discharged improved, as regards 
quantitv of sputum He was presented to the New York Surgical Society One 
vear later, during the summer, he was admitted to the Post-Graduate Hospital 
with symptoms of suppurative meningitis, and died Necropsy was not performed 
Cass 12 — A young man, aged 17, greatly underdeveloped, had expectorated 
copious massive foul sputum for years He had been in a sanatorium many 
months , but no tubercle bacilli had been demonstrated The left lower lobe was 
involved Operation was performed, April 25, 1912, in the negative chamber It 
was begun with local and regional anesthesia, later nitrous oxid and oxygen being 
employed A seventh intercostal incision was made The portion of the lung that 
appeared was not adherent to the lateral chest wall, but at other places it was The 
lower lobe was densely infiltrated on palpation, and not loosened The interlobar 
space could be entered nicely , but it was closed so tightly by adhesions, farther 
down toward the main bronchus, that advance was not pressed Again, the lung 
was held outward by the first assistant and the stem-bronchus approached as in 
Case 11 When the adhesions were gently pushed away with a stick sponge, the 
upper branch of the pulmonary artery appeared After further careful dissection, 
the lower branch also soon came into view A swollen ljmphatic gland rested in 
the angle of the fork The lower branch was ligated Complete closure of the chest 
was accomplished without drainage The patient stood the operation nicely Two 
days later, some subcutaneous emphysema appeared m the lower half of the 
abdominal wall, on the left side A turbid serosangumeous effusion into the 
left pleural cavity, found on tapping, required partial reopening of the wound 
^fter that, the reco\ery was slow but satisfactory One year later, the patient 
was much improved There was a great increase in weight , expectoration was 
reduced to 100 cc in twenty-four hours May 15, 1913, a thoracoplasty was 
performed, under local and regional anesthesia, the sixth to the tenth ribs, 
inclusive, being resected in their entire length Recovery resulted Two years 
later there was a decided improvement, but the patient was not cured Further 
surgical interference was refused by the family The patient was lost sight of 
Casp 13— A man, aged 22, an architect, very intelligent, had bronchiectasis 
of the right lung involving the lower lobe There were few clinical signs , very 
foul copious sputum, from 3 to 400 cc in twenty-four hours, often tinged with 
blood No bronchoscopic corroboration was possible The roentgen ra} rerealed 
dilatation of the right bronchus and diffuse infiltration of the loner lobe Feb 
25, 1913, ligation of the pulmonary artery of the right lower lobe was performed, 
in the negative chamber, under regional and local anesthesia, through a fourth 
intercostal incision The lung was found not adherent Placing of the rib spreader 
gave the patient a “severe pressure sensation” On account of reflexes when the 
lung was handled a few whiffs of anesthol were given, not more than 5 c c being 
used in all Then operation was continued under local anesthesia as before The 
pericardium was tightlv adherent to the lung, cardiohsis was performed 
There was a well marked interlobar space, adhesions within were gradually 
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loosened until the main bronchus was reached During this manipulation, the 
lung was slightly injured When the patient pressed, some mucopus escaped from 
the small sized bronchial opening The vagus branch was recognized, repeated 
application of absorbent cotton, thoroughly soaked in 1 per cent novocain and 
epinephrin solution, were made on the bronchial root Hardly any reflexes were 
noticed afterward The artery to the “north” of the bronchus was carefullj 
loosened and ligated with silk In view of the possible infection of the pleura 
by way of the exit of bronchial secretion, free drainage of the pleural cavity was 
established through an incision posteriorly in the ninth space The chest incision 
was closed The patient was retained under differential pressure for twenty 
hours, when he was m good condition Two days later, some subcutaneous 
emphysema appeared over the lower abdomen, the right half of the scrotum 
and the left side of the neck, with increase of temperature The posterior 
angle of the wound was opened Some serosanguineous and clear fluid escaped 
He was soon out of bed Recovery followed Three years later, the patient 
wrote from Georgia that cough with expectoration often occurred only once 
a day Sputum amounted to IS c c in twenty-four hours His general health 
was perfect, and he was at work in out-of-door construction In the spring 
of 1922 he was still living in the South and married His general condition was 
excellent There was no cough Expectoration had ceased completely He 
considered himself cured 


Epicusis — It sets one to thinking when one sees a patient, who was 
thus afflicted, so much improved after this operation that in a suitable 
climate he could reenter business and become a useful self-supporting 
citizen, and that such result was obtained even without a subsequent 
thoracoplasty, which had been proposed but was not accepted by the 


patient 

Comment — It is important to remember that the pulmonary artery 
lies “north” of the bronchus, toward the patient’s head The opera- 
tion may be technically difficult on account of firm adhesions between 
the lobe surfaces themselves, the affected one forming a unit with its 
neighbor On separating these adhesions, no matter how gently done, 
the lung tissue is easify torn, an occurrence which naturally at once 
carries an infectious element into the otherwise aseptic operation Such 
occurrence requires categorically air-tight drainage, a procedure which I 
employ after any and every mtrathoracic operation 

5 Resection of the lung In one instance, I tried this operation 
before resorting to lobectomy, the patient having requested me to take 
as little chance as possible m the course of the operation 


Case 14 — E W, a widow, aged S3, with no children, with bronchiectasis o 
the left lower lobe, had been repeatedly operated on at another hospital 
present trouble commenced in January, 1910, and was evidently consecutive^ o 
an intrapulmonary abscess following pneumonia with empyema on the Ie t s* 

A fistula persisted Injected bismuth paste was coughed out Mump e ^ 
resection brought no improvement On admission to Lenox Hill os ^’ ’ 
examination revealed a long scar in the chest wall, at about its mi > 
posteriorly, it afforded wide entrance into a lung cavitv shoving many o 
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bronchi The patient was well educated and determined to secure relief May 8, 
1914, under general anesthesia in the abdominal posture, the scar was circumcised, 
with reresection of the tenth to the sixth rib, an additional resection for some 
length of the fifth rib, which had not been touched at the former operation, 
was performed The scapula was held aside, and advance arranged in such a 
way that the opening into the lung remained in the center of the operative 
field The costal pleura was divided below the fistula, exposing the lung, which 
was gradually loosened entirely from the complementary space where it was 
tightly adherent At last the thickened pleura with the overlying tissues was 
excised Then the pulmonary cavity was laid wide open with the cautery 
It was seen that there were at least ten to fifteen various openings of the 
bronchial tree In view of the fact that the lower lobe was completely adherent 
to the upper and could have been separated from it only by a free division, 
necessitating special suture of the upper lobe, as well as in view of the patient’s 
general condition and age, it was deemed wiser to resect the lower lobe than 
to extirpate both Two curved clamps, as used in gastro-enterostomy, covered 
with rubber, were placed on either side of the open cavity converging toward 
the hilum, and then the diseased portion was excised m the shape of a wedge 
with the knife, leaving a sufficient amount of tissue in front of each clamp 
Careful disinfection (pure phenol and alcohol) and ligation of the open bronchi 
with the accompanying blood vessels were accomplished On removing the 
clamps, onlj a few additional ligatures were required Then an inverting 
suture of each remnant of the lobe with chromicized gut, starting at the 
periphery, was inserted Finally two rounded taillihe portions remained, 
which were sutured on each other Tamponade and drainage were established 
The patient stood the operation nicely Recovery was good Three weeks later, 
when the patient was required to press, with compressed nostrils and mouth 
closed, bubbles of air could be heard escaping from the lung, one larger sized 
bronchial fistula developed Prolonged after-treatment exhausted all methods 
employed for closing this type of fistula The fistula finally did close, but 
then there was more expectoration, from 50 to 100 c c m twenty-four hours, 
with the patient rather sick The lung was reopened, causing a copious purulent 
discharge The good general condition returned, proving that it can be 
maintained with free pulmonary drainage only The patient was referred to a 
home for tuberculous patients, the only institution willing to admit her 

Comment — Although I have only this one personal experience with 
lung resection at my disposal, I, nevertheless, after mature consideration 
of the subject, think that I am justified m saying that this operation 
has no place in the operative treatment of chronic lung suppuration 
It would certainly be mere luck if the excised wedge of the lung should 
radically remove the diseased area The operation, therefore, will 
likely improve only the pathologic condition Of course, if a patient 
oi his relatives will not accept the risk of lung excision, and it can be 
arranged to place the expected fistula within the immediate view and 
reach of the patient, the removal of the greater portion of a suppurating 
luiij, lobe might, after all, receive a place among the operations that 
are in use at present for the surgical treatment of chronic pulmonary 
suppuration on more conservative lines 
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6 Incision and diainagc 

Casi 15 —A man, aged 24, four months before had had his adenoids and 
tonsils removed Shortly afterward, beginning lung suppuration developed 
Later, high fever with rapid pulse developed, together with continuous cough 
and foul sputum in great quantities (500 to 600 cc in twenty-four hours) The 
roentgen rays added little to the accuracy of the diagnosis Bronchoscopy at 
that time was not yet raised to its present position of imperative diagnostic 
addenda The patient entered Lenox Hill Hospital, Nov 2, 1911 Aspiration 
of the lung in various places was performed In the seventh intercostal space 
near the angle of the scapula where some bronchial expiration was noticed, 
pus was found about 2 1 /* inches (6 7 cm ) below the surface Operation was 
performed November 6, under local anesthesia The seventh rib was resected, 
aspiration was repeated and positive The lung was opened with the electric 
cautery An irregular cavity was entered, the size at least of a small apple 
On dividing the lung, the free pleura! cavity was accidentally opened toward 
the front No collapse of the lung occurred evidently owing to its being 
attached to the costal pleura in various places A drain was placed in the 
pleural cavity with gauze packing of the abscess Gradual closure of the large 
wound occurred by granulation A dram was left in place permanently to 
produce persistent drainage to the surface Frequent paroxysmal coughs 
occurred The quantity of sputum was greatly diminishing The patient was 
discharged, December 20 A few weeks later, while the family was preparing 
to move to the country, the patient was suddenly stricken with acute suppu- 
rative meningitis, to which he succumbed within six days 

Epicnsis — Today, a patient of this type would, m my hands, first 
be transferred to the bronchoscopic clinic for intermittent prolonged 
tieatment befoie I would resort to operation 

Casi 16 — A girl, aged 19, who had been sick for sixteen years, subsequent 
to pneumonia ( ? ) expectorated extremely fetid, massive soutum with cough She 
had to leave her place of business and was confined to a room by herself, later 
being isolated at the Montefiore Hospital for seven months The clinical symp- 
toms were not clearly marked There were few rales on the left side and 
some dulness near the spine The roentgen rays corroborated left side infection 
On aspiration below the angle of the left scapula air and pus, in a small quan- 
tity, were withdrawn Jan 21, 1914, operation was performed at Montefiore 
Hospital, in two stages Regional and local novocain and epinephrin anesthesia 
was used Resection of the seventh and eighth ribs in the posterior axillarv 
line with excision of intercostal soft tissues was performed Aspiration tn the 
bed of the seventh rib was again positive for pus On disengaging the srringe 
from the needle, pus spurted from its hub synchronous with inspiration On 
cauterizing alongside the needle with a Paquehn cautery a free pleural caviti 
was entered, but acute pneumothorax did not ensue, evidently on account of 
adhesions m other places The lower lobe of the lung was much solidified 1C 
operation was discontinued and the needle withdrawn from the lung “ 
drainage plus gauze tamponade of the free pleural canty was established ,e 
lung was stitched to the costal pleura in order to have sufficient space or 
opening at the second stage Three days later, the first dressing was changed, t ie 
pleural tampon being left undisturbed Aspiration of the lung was again P os * tf ^ 
The cavity, opened with the active cauterv, admitted easily' one half of the or 
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hnger On pushing the needle in another direction from within the lung wound, 
a second cavity was entered and opened with the cautery The two were 
purposely not transformed into one, as a serious hemorrhage might have set 
in Separate tamponade was performed Undisturbed convalescence ensued 
The free ventilation of the lung cavities did away quickly with the foul odor 
of the sputum /After a few weeks, the patient was transferred to the ward, 
to her great delight, after the long isolation She was discharged after six 
weeks The advice to retain the drain as long as possible was not heeded, the 
wound being dressed by the family physician out of town When the dram 
dropped out accidentally it was not replaced The patient returned to business, 
and was last seen in October, 1920 There was occasional cough with scant 
expectoration , expiratory air had a slightly sweetish odor She was at work, 
and hers should be considered an improved case 

Comment — Mere incision plus drainage of one or two of the many 
cavities within a typical bronchiectatic lung cannot possibly bring real 
help in these cases, for obvious reasons Such drainage will direct the 
secretion of only a small part of the involved area to the surface With 
the closing of the incision, the original suppuration continues unabated 
Besides, suppurative meningitis is a fearful menace m 25 per cent 
and more, of these cases 

“Action,” frequently “daring action,” is necessary That means 

I\ RADICAL OPERATIVE TREATMENT 

Excision of the diseased portion of the lung is here, therefore, 
absolutely and clearly indicated, if the patient or his relatives are willing 
to take the risk for the sake of the possibility of a complete cure 

Before discussing the third subdivision, the bronchiectatic lung 
abscess, I shall say a few words regarding my personal experience with 
lung excision, as well as with the treatment of lung suppuration due 
to specific infection (tuberculosis and syphilis), and give a brief resume 
of experience, gathered by others, m suppuration due to the presence 
of a benign intrabronchnd tumor and a personal observation of sup- 
purating cancer of the lung 

A few cases of lung suppuration, hard to classify, that have come to 
operation at my hands, wall be added, m order to make this personal 
surrev complete 

Lung Excision In four cases the operation remained an attempt 
that failed, twice, onl} the first part of the planned two-stage excision 
uas pei formed, an intercurrent pneumonia frustrating the second In 
one case, the entire right lung was successfully excised, and surgical 
conditions remained favorable after the operation, but the patient 
de\ eloped a most fulminant pneumonia of which he died the night 
following the operation 
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Bnefly and chronologically leported, the cases are as follows 


Casi 17 —A boy, aged 6 years, was operated on, May 12, 1909 (reported 
above), for congenital, advanced bronchiectasis of the left lower lobe General 
anesthesia was used, with the patient’s head in the positive pressure cabinet He 
died suddenly when the bronchus was being tied, after the accompanying blood 
vessels had been ligated Necropsy was not performed 

Case 18 — This was the case of resection of the lung, reported before (see 
above) A W , woman, aged 54, was unhappy in the home for tuberculous 
patients, and urged operation She could have continued to live for some 
time in the present condition with some attendance, but she was dependent 
on others as the wound was in the back Personal reasons were accepted as 
the real indication for operation, performed, Dec 22, 1915 Local plus regional 
anesthesia was used, later on, general anesthesia, with anesthol and oxygen 
Circumcision of the sinus quickly exposed and gradually freed the lung A 
rent in the pericardium, which contained some serous fluid, was sutured Addi- 
tional division and partial resection of four more ribs were required to expose 
the organ fully As mentioned before both lobes formed a unit The upper 
seemed to be as much diseased as the lower was before resection, pus flowing 
out m abundance at a place which had been superficially torn on loosening 
the adhesions There were firm attachments also at the apex They could 
be divided between the ligatures so that at last a good pedicle was formed, 
the stem bronchus being reached The pneumogastnc nerve was pushed off and 
plainly visible and might have been cocainized without difficulty Having some 
little time before successfully performed extrapencardial ligation of the left 
pulmonary artery for total excision of the lung in experimental work, and 
being aware that in the upper lobe branch a good deal of granulation had been 
seen by the bronchoscopist, primary division of the bronchus with local treat- 
ment of the bronchial mucosa appeared at that time more desirable than primary 
tying with a mass ligature So it was decided to ligate the left mam trunk 
of the pulmonary artery separately first The latter’s course was easily visible, 
and it was approached at the root of the bronchus where the thin sheath that 
covers it was divided With the curved tip of the left forefinger supporting 
the vessel from beneath, a large Deschamp’s needle was made to surround it 
from the front, most gently Suddenly, a fearful hemorrhage occurred from 
the posterior aspect of the artery Evidently, the Deschamp’s needle bad per- 
forated the vessel in spite of the gentle handling, there having been no 
resistance whatever offered from the latter’s wall The blunt needle had passet 
through it as easily as if it were penetrating jelly or soft butter Compression 
with gauze was applied, and an elastic ligature quickl 3 r thrown around t ie 
base of the pedicle, which, however, on testing, was found not to embrace t ie 
injured place of the vessel While the artery was being clamped, the patient 
died, probably as a result of aspiration of air into the circulation, and also sure ) 
from the sudden great loss of blood 


Epici ms — Should it be thought best in any given operation to ligate 
the main trunk of the pulmonary artery, only very blunt instruments 
should be used for separation, e g , a closed blunt, broad Cooper s 
scissois or Kocher’s goiter probe (“Kropf-Sonde”), or, still better, tie 
tips of the two forefingers of the surgeon Any half-ponted, though 
blunt, instrument should not be used on account of the extreme softness 
of the vessel’s wall 
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Ose 19— A woman, aged 35, with suppuration of the right upper lobe, 
was operated on in October, 1916, excision being decided on without careful 
weighing of the indication for incision or excision Pharyngeal anesthesia m the 
negative chamber was employed, the latter being used should differential pressure 
be required After rib resection, loosening of the totally adherent lobe started, 
when a remarkable, multiple arterial hemorrhage set in, not unlike the spray 
from a garden sprinkler under pressure It probably was due to having 
entered a wrong point of clea\age, stripping off the two firmly united pleural 
leaves plus the mtrathoracic fascia from the chest wall Operation w r as tem- 
porarily stopped The patient recuperated after intravenous infusion The 
work was continued, all three lobes formed a unit While trying to separate 
the longer lobe from the middle and upper, increasing collapse occurred on 
the table and the patient died Necropsy revealed a central single abscess m 
the upper lobe 

Epicnsis — More detailed roentgen-ray localization and incision with 
drainage might have saved the patient Since that time the surgeon’s 
proficiency in making a more refined diagnosis has been much increased 
We have also learned to demand establishment of a stricter indication 
for the type of operation to be carried out on recognized pathologic 
facts in the given case 

Case 20 — A man, aged 53, in tvhom the entire left lung was involved m a 
suppurative postpneumonic process, the bronchoscope proving the right lung 
free, was operated on April 16, 1917, vuth intratracheal insufflation, Torek's 
incision m the eighth intercostal space being made Four ribs were divided 
upv'ard The lung, which w'as totally adherent, was loosened with difficulty, 
a few superficial tears occurring The collapsed lobes were surrounded with 
gauze tampons, according to Robinson’s advice The thoracic w'ound was then 
closed with air-tight drainage An interesting result of the latter w r as that 
250 c c of secretion drained into the bottle in the first twenty-four hours, 
700 in the second V 600 in the third, and 400 m the fourth On the third day 
after operation, the patient complained of difficulty in expectoration and de\ el- 
oped clinical signs of increasing inflammation, likely pneumonia, on the collapsed 
side, to the sequelae of which he succumbed on the fourth day after operation 
Wound inspection revealed no aspiration process on the opposite side 

Eptcnsis — A one-stage operation removing the entire left lung 
might hate offered a better chance of recoaery 

C\sr 21 — A woman, aged 23, was suffering from suppuration of the right 
upper lobe subsequent to tonsillectomy Other parts of the lungs tvere not 
mtohcd, as proved by bronchoscopv She was a trained nurse, utterly unhappv, 
unable to sustain herself financialh and considered herself a burden to her 
famih The case demanded radical help Operation was performed, Not 10, 
1916, with mtraphart ngeal insufflation Torek’s incision was made m the setenth 
intercostal space The lung was without adhesions, except m the upper lobe, 
which was particularh broadlj adherent at the apex These were freed bj 
double ligatures and dnision between them The base of the pedicle of the 
upper lobe could be surrounded bt the surgeon's forefingers It was rather 
nnsst The upper and lower lobes formed a firm unit with the middle An 
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attempt at separation was only partially successful between the middle and lower 
lobes While trying to form a pedicle from the periphery toward the center, 
after having placed compressing clamps and ligating the tissues with the help 
of chain sutures, severe hemorrhage with sudden death occurred, probabh 
due to aspiration A postmortem incision of the upper lobe revealed a central 
abscess, the si/e of a small walnut, as in Case 19 

E pm isis — The pi unary tying of the pedicle, though it was ver) 
bioad, with a piece of tape or an elastic ligature, before starting to 
separate the lung tissue from the periphery toward the center, in forcing 
lobectomy, or, from the start, aftei refinement of the diagnosis, employ- 
ing a more conservative program, namely, pneumotomy plus drainage 
after successful localization of the cavity, might have saved this 
patient’s life 

In the light of present knowledge, bronchoscopic treatment was 
indicated as the first step in aggressive therapy 

Casi 22 — In a bo}, aged 5V> years, with copious purulent expectoration 
resulting from bronchiectasis invoking the entire right lung, repeated aspiration 
by means of the bronchoscope (Dr Lynah) brought no improvement Opera- 
tion was performed, April 26, 1920, with intrapharyngeal insufflation An attack 
of cyanosis with respiratory syncope occurred in the course of the operation 
Torek’s incision was used, affording perfect exposure Multiple broad firm 
adhesions, doubly ligated and cut, obtained good isolation of the broad pedicle 
Primary clamping in a line parallel with the spine, ampliation of the entire lung 
careful hemostasis by surrounding the pedicle in front of the clamps with a large 
round needle and chromicized catgut in sections, careful loosening of the clanps, 
no hemorrhage, and air-tight drainage m the ninth intercostal space were accom- 
plished The patient left the operating table in good condition In the evening, 
the pulse was good , respiration, somewhat accelerated , he was cheerful and 
took fluid During the night, the temperature suddenly rose to 107 F , with 
corresponding acceleration of pulse, which did not respond to stimulation He 
died at 2 30 a m , ten hours after operation Partial necropsv revealed edema 
of the left (remaining) lung (acute fulminant pneumonia ? ) , no evidence of 
aspiration Perhaps the C 3 r anotie attack m the course of operation ushered 
m the severe inflammatory attack 

Pathologic diagnosis of the specimen was lymphosarcoma of the lung, 
bronchiectasis , no metastases 

Casi 23 — A youth, aged 17, had had voluminous purulent sputum for jears 
without fetid odor No aspiration of any kind had occurred There was 
no history of pneumonia E\ idently the case was congenital bronchi 
ectasis of the left lower lobe This was corroborated by roentgenograph 
and bronchoscopy Resection of the lobe was clearly indicated Operation 
was performed, March 30, 1922, in the negative chamber, with general anesthesia 
Torek s incision was made in the seventh intercostal space The lower o e 
was of the same, normal pink color as the upper, but, as a whole, more 
resistant on palpation There were no adhesions whatever For this reason, 
the original program of immediate lobectomj was abandoned in far or of a two 
stage operation The visceral pleura of the upper lobe and the parietal pleur 
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m the upper half of the chest cavity were thoroughly rubbed with a piece of 
sterile gauze The upper lobe was then surrounded with seven iodoform gauze 
tampons, a piece of rubber dam enveloped the artificiallj collapsed lower lobe 
The thoracic wound was carefully closed, later by lajer, by means of interrupted 
chromicized catgut sutures The tips of the seven iodoform gauze tampons 
were tied with silk thread and buried below the subcutaneous fascia (Lilienthal) 
Air-tight drainage of the pleural cavity was not arranged for, as it was intended 
to use it for the second stage operation The patient stood the procedure nicely, 
and passed a comfortable night The next day there was a rise of temperature, 
rapid respiration and pulse, some dyspnea with cyanosis Twenty hours after 
completion of the operation, aspiration of the pleural cavity with the needle 
and sjrmge filled the barrel with air, not fluid The insertion of a small trocar, 
with an attached rubber tube, the tip being held under water, gave exit to a 
la~ge amount of air The dressing was well soaked with fluid wound discharge 
After this, the patient was much improved The next day the temperature was 
rising and aspiration was repeated, but neither air nor fluid was obtained 
Change of dressing was accomplished under pharyngeal oxygen pressure On 
removing the stitches over tampon tips, a large amount of serosangumeous 
fluid escaped The tampons were quickly removed and air-tight drainage 
provided for, the tube being placed where the tampons had been removed 
The patient passed into profound collapse when returned to bed and died six 
hours later, with rising pulse and temperature, in spite of stimulation of even 
possible type Only wound inspection was permitted Both lobes of the left 
lung were m complete collapse There was no more fluid in the chest The 
lower lobe, remoied, showed a ty pical picture of bronchiectasis 

Epu i ms — 1 A one-stage operation should have been the choice 
m spite of absence of adhesions 

2 Evidently, a quickly increasing serosangumeous eftusion, not 
reached by the aspirating needle, forced its way through the mter- 
mptedly stitched layers of the chest wall to the surface, allowing air 
to entei the pleural cavity, thus producing a hydrohemopneumothorax 

3 The continuous buned suture for the various layers of the chest 
wall seems piefeiable to intei rupted sutures 

4 An -tight drainage, added at the completion of the first stage of 
the operation, might have sa\ ed the patient Had it been employed and 
had the patient survned the fust stage of the operation, sufficient 
adhesions between the two pleural leaves over the upper lobe would 
piobabl) have made air-tight drainage at the conclusion of the second 
stage unnecessary , or, in the absence of adhesions, retaining the patient 
under negative or positive pressure aftei the lobe resection for from 
one to two days, with the chest wound wide open, might hay e sufficed 
to budge ovei the dangers of a flopping mediastinum 

COMMENT 

The thoracic surgeon should also publish his negatne results In 
carefully analyzing the cause of death often much light is shed on 
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what might better have been done in a given case, and such reflections, 
jotted down by the individual man and published, will often be a guide 
to the workeis in this new field of operative surgery in similar cases 

The impression I have had from these operations and observation 
of these patients is 

1 It is, it seems to me, the insistence on refining the diagnosis as 
much as possible and selecting the operative treatment on strict indi- 
cation, carefully weighing the pros and cons before starting the 
operation, fui tlier, the absolute attempt on the part of the surgeon to 
avoid such accidents m the course of the operation as can be avoided 
nowadays by proper preparation, which will quickly further the advance 
of this branch of thoracic surgery 

2 It should be explained to the patient who suffers from typical 
bronchiectasis, that bronchoscopic treatment and incision with drainage 
promise no hope, and life would continue to be a misery, therefore, 
the risk of radical operation, lobectomy, should be undertaken 

3 It is not wise to enter the chest with a cut and dried program, 
to be carried out at all hazards, but rather to be guided by local findings 
as m operative procedures m othei parts of the body 

4 Every effort should be made to make lung excision a “one-step 
procedui e ” It stands to reason that it must be better for the patient 
not to be obliged to submit to a second operation soon after the first 

5 If the one-stage procedure appears to be contraindicated, air-tight 
drainage is advisable after the fiist opeiation, m view of the marked 
tendency of the pleura quickly to produce a large exudate, especially 
when foreign bodies, such as tampons or rubbei dams, have been left 
within temporarily It seems safest for the patient that this exudate 
which always occurs should dram off from the start The second stage 
of the operation, with the subsequent after-treatment, can then be con- 
ducted as m any othei operation, viz , without differential pressure on 
account of the presence of adhesions Should the latter have failed to 
form sufficiently, and drainage appears again imperative at the com- 
pletion of the second step, the temporary maintenance of the patient 
under differential pressure, as mentioned before — negative chamber, 
positive cabinet, positive oxygen pressure with the help of the mask, 
or any kind of suction apparatus — will effectively help out 

6 We must learn how to reduce the evei imminent danger of 
aspiration pneumonia, subsequent to general anesthesia Satierbrnch 
considers geneial anesthesia a necessity for intrathoracic work and calls 
it a “technical mistake” to try anything else Yet it is to be hoped that 
means will be found m the course of time to do also the intrathoracic 
work, at least m certain cases of subacute and chronic lung suppura 
tion, under some kind of local anesthesia, m order to enable the patient 
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to expectorate at will throughout the operation Perhaps the filling of 
the chest with a nonpoisonous solution of a local analgesic, or a care- 
fully worked out plan for regional anesthesia, will help, or, if such 
hope cannot materialize, a very superficially conducted general anes- 
thesia, with an anesthetic that does not stimulate mucus discharge, as, 
for instance, anesthol or chloroform, or an expertly conducted general 
anesthesia with nitrous oxid and oxygen m the hands of a man who 
knows — “team work” — will do it The third case of ligation of a 
branch of the pulmonary artery, done for typical bronchiectasis, reported 
above, was almost completely done under local anesthesia 

7 The principal points to be observed during lobectomy are (a) 
the safe sealing of the bronchial stump during operation — blood vessels 
and bronchus, (b) arrangement during the operation for meeting the 
dangers of the usually occurring bronchial fistula when the ligatures of 
the stump come off, the chest having been tightly closed 

In view of the fact that proper treatment of the stump is the 
principal point m lobectomy, and that it has been seen that experience 
gathered m experimental lung surgery cannot be transferred to human 
pathology m this field, separate ligation of the branches of the pul- 
monary artery and vein, with air-tight closure of the infected and 
impregnated bronchial stump, becomes inadvisable or impossible m 
man The stump, therefore, is to be treated en masse Friedrich 11 
used for this purpose his hilum clamp Others employed a mass 
ligature of silk or rubber, providing against the subsequent leakage by 
gauze tamponade, or they closed the chest and risked the consequences 
of the expected air leakage Howard Lihenthal 12 of New York m 
his classical article on resection of the lung advises treatment of the 
stump with multiple penetrating silk sutures, piercing it repeatedly with 
needle and thread and tying the threads most carefully Each ligature 
thus placed grasps and secures indiscriminately a portion of the stump 
At the end of the procedure, the blood vessels and bronchus are found 
to be safely closed He leaves the threads long, marks their collected 
ends by a safety pm and buries them temporarily under the skin, while 
the immediate after-tieatment, wisely, is conducted under air-tight 
diamage 'When the first days have passed, the wound is partially 
reopened, and the thread ends are exposed They enable the operator 
to extract the gangrenous stump as a whole later on. when Nature has 
safely sealed the large divided blood tessels The resulting bronchial 
fistula oi fistulas usually close b\ granulation The deeper it is situated, 
the greater is the chance of perfect cicatrization 

11 r ricdridi Arch f him Clnr 82 1171 1907 

12 Lihenthal, Howard Ann Surg 75 257 (March) 1922 
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Surgeons, as a whole, will do best, it seems to me, to follow 
Di Lilienthal’s caiefully worked-out technic, because he has seen 
with it more actual recovenes than any one else in the world and has 
succeeded m reducing the mortality to 45 per cent, a splendid 
achievement 

Still, I believe that othei methods of treating the stump can and 
will giadually be worked out, which will also prove useful And this, 
I think, will happen as soon as lobectomy has come into more general 
use, and that, theie is no doubt, will occur in the neai future 

In my mind I have always compared the extirpation of the lung 
with that of the kidney, at least as far as the immediate treatment of 
the pedicle is concerned, and I could nevei forget in this respect the 
observation made by the late Professoi Czerny of Heidelbeig in lus 
eaily cases of nephiectomy At that time he was in the habit of 
securing the bioad pedicle of a suppurating kidney with a needle and 
thiead, peif orating it as chance arranged it One of the patients died 
from acute sepsis, although the wound had been properly chained At 
necropsy it was seen that the needle had pierced the renal vein, and 
the ligature consequently gave a direct route for the bacteria to enter 
the circulation Czerny attributed the fatal issue in that case to his 
method of stump treatment Fiom that tune on, he used a mass 
ligature of stiong material which surrounded the entue pedicle of the 
kidney a number of tunes I should consider it also good surgery to 
compress temporarily the lung lobe stump, the bronchus and the blood 
vessels, with a useful, adaptable instrument, amputate the lobe, fiom 
11/2 to 2 inches (3 5 to 5 cm ) in front of the same, and then, aftei 
proper separate ligation of the visible cut ends of the blood vessels, 
disinfect and close, after the usual crushing, the bionclual stump, oi 
cover it, in addition with retained lung tissue, as the surgeon may think 
best Having watched the working and the many advantages of Sehrt s 
metallic tourniquet in limb amputation, 13 I planned to try small metallic 
tourniquets, manufactured on the same principle, “Baby-Sehrts/ m lung 
extirpation So far, I have had three sizes made by George Tiemann 
& Company of New York, 5, 4 and 3 t/4 inches from end to end (Fig a) 

I had them ready for use m my last case planned for lobectomy 
(Case 7), but did not have the opportunity to test their usefulness, 
because the absolute absence of adhesions made me, much to my present 
regret, decide on a two-stage operation It is possible that these mstru 
ments will prove of rvalue in the technic of some cases of lobectom) 
inasmuch as with them the pedicle can, by means of a thumb screw 
be compressed gradually and at will, just enough to control hemorrhage 
If, on loosening the tourniquet, the control should prove incomplete 


13 Me} er, Willy Ann Surg 72 763 (Dec) 1920 
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turn of the thumb screw restores immediately the former safe condi- 
tion of hemostasis I am expectantly looking forward to my next 
case, m which I may test the device 

In conclusion, just a word regarding the necessity of the perform- 
ance of necropsies m thoracic work Here, as m other fields of thoracic, 
as well as of general, surgery, the postmortem examination, or at least 
a wound inspection, is most essential for proper progress We must 
know whether pneumonia (usually due to aspiration during or after 
our work, eventually also due to loss of body heat, in consequence of 
prolonged exposure of the patient and his very large wound m too cool 
a room), 01 whether septic infection, consecutive to the surgeon’s lmme- 



Fig 2 (Case 3) — Typical postpneumonic lung abscess cured by incision 
Localization not definitely determined before operation , free pleural cavity 
entered and lung adhesions made out by palpation from within, abscess aspirated 
at this place and incised at the same stage The opened free portion of the 
pleural cavitv closed by suture , air-tight drainage established, resulting m cure 

(hate woik at the time of operation, or a hemoirhage, or a wrongly 
selected method of after-treatment, inviting infection, is responsible for 
the fatal issue Only m this waj will thoracic surgery make the safe 
and quick progress it needs Also, for this reason, it is to be hoped 
that the cases of all patients operated on will be reported in the literature 
mespeclne of -whether they ended in reco\ery or death 

TL CIZRCL LOSIS W'D S\PITILIS 

1 1 itbiiiidosis — It must be a comfort to patients suffering from 
ad\ anced pulmonan tuberculosis, particularly those with cawty forma- 
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tion, to know that when ah other specialties in medical science ha\ e 
exhausted then theiapeutic possibilities, stugery may still bring help 
m horn 60 to 70 per cent of the cases The two-stage or three-stage 
extiapleuial thoi acoplasty is the operation of choice It can be com- 
bined, if necessaiy, with apicolysis (loosening of the apex of the lung) 
plus fat (Tuffiei ), oi paraffin (Baer) filling of the resulting cavity, or 
with flap formation and implantation of the pectoral muscles (Archi- 
bald), as well as with resection of the phrenic nerve, to produce 
paralysis of that half of the diaphragm Placing the affected lung in 



Fig 3 — “Baby Sehrt” metallic tourniquet, designed for the compression of 
the pedicle of the lung in lobectomy, made in three sizes. No 2-4 inches illus- 
trated here, about one fourth actual size 


this way at perfect rest and compressing it as much as possible from 
all sides, with an elastic pad, after the rib resecton, from without, 
paves the way to success Massive connective tissue formation, sub 
stitutmg the affected lung tissue and encapsulating the tuberculous foci, 
explains the good results pathologically 

The work should be done under local and regional anesthesia i 
possible Proper selection of the cases, in conjunction with a me ica 
expert m lung tuberculosis, is necessary 

These patients should best be operated on m our general hospital, 
which should put aside one or two rooms for this purpose Care u 
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nursing with the strictest surgical supervision during the first days after 
operation is imperative 

My personal experience covers four cases Briefly stated, they are 
as follows 

Casf 24— A man, aged 26, with an advanced case of bilateral affection in 
which the left was worse than the right, was operated on in two stages, Nov 
18, 1918, and Dec 10, 1918, at the Lenox Bill Hospital The ribs, from the 
second to the tenth, inclusive, on the left, were resected The patient is cured 
and well at the present time Tubercle bacilli, cough and sputum have dis- 
aopeared He lives m Texas , is in business, and engaged to be married u 

Case 25 —A man, aged 36, with bilateral far-advanced disease, was sent in 
from outside He was desperate and begged for operation Personal, wrongly 
placed humanitarian sentiments induced me to yield Operation, first-stage, 
was performed m January, 1919, at Lenox Hill Hospital The tenth to the sixth 
ribs were resected under regional and local anesthesia The operation was 
well borne, but preoperative fever continued to rise He returned to the 
mountains and died Partial necropsy revealed pronounced disseminated 
(miliary) tuberculosis of the opposite lung, less pronounced on the side on 
which operation was performed This was a rare occurrence alter this plastic 
operation 

Case 26 — A woman, aged 35, was sent from outside with bilateral advanced 
multiple cavity formation A New York specialist m tuberculosis whom I 
consulted was unable to say which side he should pronounce the more affected 
Again humanitarian sentiments gained the upper hand, w'hen establishing the 
indication The first-stage was performed on the side first attacked by the 
disease, at the Montefiore Hospital, m May, 1921 The tenth to the sixth ribs 
were resected under local anesthesia The operation was well borne The 
patient was somewhat easier and under nurses’ continuous observation Dur- 
ing the second-stage, June 18, when resecting the fifth to the second ribs, 
mclusne, further collapse of the lung produced dyspnea on the table which 
continued in spite of stimulation There was no change in the hectic fever 
Death occurred on the sixth da)' after the second operation 

Epin isis — In this case, too, I wrongly felt that I was under per- 
sonal obligations to the colleague who had sent the patient to me I 
also had pity for the patient, for refusing the desired operation meant 
robbing hei of her last lay of hope Such sentiments, however, shou’d 
not be allowed to confuse the surgeon’s decision, strictest indication, 
built up on cold clinical facts, m consultation with a trained specialist m 
tubei culosis, is absolute!} imperatne in our attempts to treat surgical!} 
tubeiculosis patients m the advanced stage of the disease 

C\si 27 — A nnn aged 26, well presen ed had diffuse bilateral tuberculous 
infiltration with no canta Parai ertebral regional and local noiocam-cpinephrin 
anesthesia was used The ribs from the eleaenth to the fourth, mclusi\e were 
resected Superficial general anesthesia was required for some time Toward 
the end of an otherwise well borne operation, that had not been connected with 


14 Mcacr \\ ilh Surg Gwiec &. Obst 30 160 (Teh) 1920 
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much loss of blood, sudden unexplained shock occurred, which continued Sub- 
cutaneous stimulation and varied intravenous medication were of no avail 
The patient died forty-eight hours after operation 

Epin isis -—Death was probably due to the paravertebral novocain 
anebthesia Several deaths following this kind of anesthesia hate been 
leportecl from abroad of late I have abandoned it 

In an excellent aiticle by Goetze ir ’ of Fiankfort-on-Mam, lecenth 
published from Professor Schmieden’s Clinic, the advisability of the 
resection of the phrenic neive as a primary operation is emphasized 
According to his experience, Goetze believes this operation has to 
“precede'’ extrapleuial thoracoplasty and “should be added to every case 
of pulmonaiy tuberculosis, treated and improved with the help of 
artificial pneumothorax, befoie the patient is discharged from the 
pin sician’s immediate attendance ” 

2 Syphilis — Lung suppuration m connection with syphilis is not a 
rare occurrence Every patient with subacute or chronic lung suppura- 
tion needs a Wassermann test , and, of course, a negative result does not 
necessarily exclude syphilitic infection, should other symptoms point 
to its probable existence lb My personal experience consists of the 
following cases 

C\si 28 — A man, aged 47, with far advanced lung suppuration, fever, tor- 
menting, continuous cough with expectoration, in whom the roentgenogram 
simulated that of bronchiectasis, gave a four plus Wassermann reaction He was 
seen m consultation, and strong antisyphihtic treatment was advised Repeated 
arsphenamin injections were given, later intramuscular and mixed internal 
treatment Today he is completely cured and active in business He was 
presented before the meeting of the New York Society for Thoracic Surgerj 
in November, 1921 

LUNG SUPPURATION DUE TO THE PRESENCE OF A BENIGN OR 

MALIGNANT TUMOR 

1 Benign Tumoi — This is usually situated within the lumen of a 
larger bronchus, where it acts, clinically, like a foreign body Of this, 
I have had no personal observation 

Chevalier Jackson has seen twelve such cases, not counting one 
syphiloma, one tuberculoma and seven granulomas, the latter probabl) 
being considered secondary to existing suppuration The twelve cases 
comprise one endothelioma, two fibromas, six papillomas, one edemat- 
ous pol)p, one cyst, one chondroma Of these, the endothelioma ha 

15 Goetze Klin Wchnschr 1 1496 (Tuly 22) 1922, ibid 1 1544 (Juh 29) 
1922 

16 Landis, H R M, and Lewis, P A Latent Syphilitic Infection of tie 
Lung Am J M Sc 150 195-200, 1915 Fnedlander, Alfred, and Encksoi 
R J S) phihs of the Lung, JAMA 79 291-294 (July) 1922 
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caused suppuration Inasmuch as the man is alive and well six years 
after operation, the growth has to be considered clinically benign, 
though histologically malignant Of the remaining eleven, one fibroma, 
one papilloma and the chondroma were associated with suppuration, 
distal to their insertion, whether the suppuration was secondary or not 
could not be determined m every instance (personal communication) 
Yankauer of New York reported a few such cases at the annual 
meeting of the New York State Medical Society, held in Albany, April 
20, 1922, in which bionchoscopic removal of the growth (fibroma), 
once from the left, once from the right bronchus and once from the 
upper trachea, beneficially influenced the dependent lung suppuration 
2 Malignant Tumoi — My experience comprises these cases 

Case 29 — Cancel of the light u[>pci lobe, bi onchicctasis, incision amt chant- 
age J B , man, aged 45, was sent from outside on account of bronchiectatic 
symptoms ot two years’ duration winch had greatly reduced his general condi- 
tion and caused mental depression A varying amount of sputum was 
expectorated which was of a rather sweetish odor The roentgenogram 
revealed a diffuse opacity of the right upper lobe Bronchoscopy was refused 
Rib and intercostal soft tissue resection w'as performed under local anesthesia 
A larger cavity was struck wuth the aspirating needle, opened and drained The 
patient was more comfortable afterward , but there w r as no perceptible clinical 
unproiement He died, three w'eehs after operation Necropsy revealed an 
infiltrating suppurating cancer of the lung which had caused the bronchiectasis 
Casi 30 — Lymphosai coma and cmsion of light lung A boy, 5V> years 
This case w r as reported under the heading “Lung Excision,” as Case 21 

Yankauei 17 emphasizes the fact that spontaneous lung suppuration 
m middle-aged patients is not infrequently due to the breaking down 
of a malignant tumor of the lung He found ten cases of this class 
among about sixt) cases diagnosed as lung abscess (about 16% pet 
cent ) Ivully, ls a former assistant of Yankauer, leports a malignant 
tumoi as the cause of the pmulent expectoration in ten out of ninety - 
two cases of suppuiation (10 87 per cent ) 

A 1EW CASES DirncCLT TO CLASSIFY 

C\m 31 — Bilabial bronchiectasis An undereloped girl, aged 9 expecto- 
lated from one-half to three-quarters of a basinful of eery foul pus several 
times a da\, at will The roentgen rays revealed a shadow o\er both lower 
lobes, more on the right side Operation was performed June 8, 1911 
Repeated thorough expectoration m the knee-elbow posture was accomplished 
before starting General anesthesia (anesthol) was employed Aspiration m 
\ trious places drew no purulent secretion, but here and there the well-fitting 
and well-working piston of the record s\ rmge pulled out with case, the barrel 
filling with air, without being sucked m again hy negative pressure It w a c 

17 \ ankauer Sidnev Tr Am Lanngol &. Otol Soc 1920 p 220 
IS KuJh B 31 \ni I Surg 3S 49 (March! 1921 
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recognized that such easy aspiration of air corresponded in value to that of 
pus and presented sufficient inducement foi the surgeon to incise the lung 
with the expectation of finding the cavity On dividing the tissues with the 
cautery in the eighth intercostal space near the spine, the free pleural cavity 
was opened The operating table was moved to the positive pressure cabinet 
and the pressure was turned on When busy packing the wound for dressing, 
with the intention of waiting for refilling of the pus cavity for opening at 
the second stage, sudden collapse occurred, from which the patient could not 
be revived Necropsy' was not permitted 

Epicnsis — If air is easily aspirated from a place where pus was 
drawn befoie b}' a teliably functioning syringe, particularly after the 
patient bad thoroughly expectorated, proof is rendered that the cavity 
has been stiuck Of course, it is recognized that in exceptional cases 
the tip of the needle can rest within the lumen of a bronchus and thus 
draw m air 

Case 32 — Right b> onchicctasis A woman, aged 26, had been operated on out 
of town several times before The fistulas persisted The roentgen rays 
revealed a small cavity' communicating by a narrow canal with the bronchial 
tree There were scant expectoration and scoliosis She desired operative 
treatment, since she was a working girl Operation was performed, Feb 8, 
1913, under local and regional anesthesia The cavity was laid open by resect- 
ing three ribs adjacent to the sinuses Enlargement of the entrance was accom- 
plished with the actual cautery', which opened a cavity communicating with 
a number of, as it seemed, partially' occluded bronchi, except the one small 
communication with the bronchial tree seen on the roentgenogram Tamponade 
of wound was employed for temporary conservative treatment If desired, 
excision was to be performed, later on There was no reaction Ten days 
later, increasingly severe headaches, opisthotonos, strabismus, etc, indicative 
of suppurative meningitis developed, and the patient died No necropsy was 
performed 

Case 33 — Bi onchiectasis of left uppei and lowei lobes P C, with 
bronchiectasis on the left side, the left upper lobe being affected, with purulent 
material seen by the bronchoscopist also in the left lower branch, but which was 
considered to have run down, was operated on Dec IS, 1915 Exploratory 
thoracotomy was performed for possible excision in the negative chamber under 
general anesthesia An oblique incision was made through the axilla forward, 
with resection of the second to the fourth rib, inclusive The pleura was incised 
m the bed of the third intercostal space, the upper lobe of the lung was pinkish 
and had a number of infiltrated brownish areas Enlarged glands were seen 
around the main bronchus There were firm adhesions with the lower lobe n 
trying to enter the interlobar space, lung tissue was inadvertently torn and tie 
escape of some pus was observed On bringing the diseased lower lobe more 
clearly' into view, it, too, was found visibly involved Access for total pneu 
mectomy was insufficient Deeming an immediate additional posterior incision 
with attack on both lobes unwise, the upper part of the wound was closed > 
layer sutures Thorough drainage by means of two gutter tubes at the an tenor 
angle was established, as well as an additional incision m the tenth intercos a 
space for free drainage Differential pressure after-treatment was emp°} e ^ 
The next morning, the temperature rose to 106 F, respiration 50, like y acu 
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pneumonia, with or without fulminant sepsis For safety s sake, change of 
dressing under differential pressure, gave exit to some additional retained sero- 
sangumeous fluid which had thoroughly soaked the dressing Stimulation had 
no effect The patient died at 3 p m , twenty-two hours after operation Wound 
inspection or necropsy was not allowed 

Epicusis — 1 Lung excision of the lower as well as of the upper 
lobe requires wide access The posterior incision (Torek) appears to 
be best for the purpose 

2 Air-tight drainage is likely preferable to free incision in combi- 
nation with drainage under differential pressure 

3 In the light of present experience, bolder advance, viz , excision 
of the entire lung at one sitting, provided the operative attack had 
been decided on, would likely have given this patient a better chance 

Ctsn 34 — Right bi onclnectasis A man, aged 23, with right bronchiectasis, 
had been sick for several years There was continuously a large amount of 
sputum A two-stage pneumectomy was planned, first, extrapleural thoraco- 
plasty combined with intrapleural pneumoljsis and tamponade, leaving the 
patient for a while under differential pressure after-treatment, in order to try 
to produce adhesions around the hilum and reduce the reflex sensitiveness of the 
pleura, second, from one to two weeks later, excision of the lobe, if possible 
under local anesthesia Operation was performed May 7, 1915, m the negative 
chamber, begun with the door open Regional and local anesthesia was used, 
later on general anesthesia was required Sauerbruch’s hook incision accom- 
plished resection of the seventh to the first rib, inclusive, beyond the angle 
up to the spinal column When working at the first rib, the pleura tore, air 
rushed into the pleural cavity and out The door of the chamber was closed 
and differential pressure started The external posterior incision was 
lengthened forward, penetrating the seventh intercostal space The lung was 
found totally adherent, and stripped off The patient at this time was some- 
what c\anotic The color was not improved after artificial respiration, carried 
out within the chamber, therefore the operation w r as discontinued The lung 
was co\ered with a sterile rubber dam and gauze tampons The posterior 
wound was sutured, and a gauze tampon was placed m the pleural tear at the first 
rib Differential pressure after-treatment was employed, with the patient on 
the operated side After twehe hours, the pressure was turned off The 
patients condition was good He was mored to the observation room, and the 
upper part of the bod\ was raised Three hours later, a sudden change 
occurred m his condition, and death followed a few minutes later Necropsy 
and wound inspection were not permitted 

Lpta isis 1 Perhaps the patient was removed too soon from the 
differential pressure apparatus Acute collapse of part of the lung 
mat hate caused the sudden change 

2 Tamponade ot the pleural tear at the first rib was a technical 
mistake The posterior wound should hate been closed entire!) m the 
upper part b\ latei sutures, m spite of the necessit) to lea\e the lower 
]>nrt of the wound open Differential pressure after-treatment should 
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have followed just the same By the time the patient was removed 
from the pressuie cabinet, the pleural tear had likely been sealed 
air-tight 

C BRONCHIECTATIC LUNG ABSCESS 
Tissue defect, due to local gang) cue, usually without piogicssive 
symptoms As stated above, I feel inclined to believe that this class 
of subacute and chronic lung suppuration is typical for cases of aspira- 
tion of septic material of semisolid and liquid character The aspirated 
matenal will, I believe, rarely, if ever, produce “typical bronchiectasis” 
1 Spcciahstic T) eatment — To repeat what cystoscopy and ureteral 
catheterization, inclusive of the use of the operating eystoscope, accom- 
plishes m unnary suigery, bronchoscopy accomplishes m the early and 
later treatment of certain suppurative pulmonary diseases 

Bi onchoscopy (Peioial Endoscopy) — (a) Foi the extiaction of 
aspvated foicign bodies, sti etching of bionchml stnctiucs due to 
inflammation, icmoval of benign tumois, punching out bits of tissue 
fioni seemingly malignant giozvths foi nuci oscopic examination, etc 
I have had numerous personal experiences m this class of cases, 
collected by observation, first in the practice of Dr Sidney Yankauer of 
New York City, and later in the bionchiectatic clinic of the Lenox Hill 
Hospital, conducted by the late Di Henry L Lynah and Dr Richanl 
Jordan of New York, now by Dr Jordan and Dr John D Kernan, J r 
ITowevei, I must refrain fiom reporting them I believe that the digest 
of this part ,of the bronchoscopist’s work, particularly with leference 
to the stretching of bronchial strictures, the cauterization of granu- 
lations, injection of bismuth oil, antiseptic solutions, etc , into the ptd- 
monary cavities for diagnostic as we’l as therapeutic purposes, belongs 
to the domain of the specialist 

I shall report here just one peisonal observation of a foreign body 
in the tiachea that refers to lung suppuration 

Case 35 — H H T, a phj'sician’s son, had a continuous cough for years, 
with purulent sputum commencing after an attack of typhoid fever ten >ears 
before He needed tracheotomy and is still wearing a silver tube He v>a ^ 
brought up on a stretcher from the South in the summer of 1916 After clinics 
and roentgen-ray examination, bronchoscopy, as in every other casc > 
performed, as a routine practice (Dr Yankauer) The tube was intro uce^ 
through the tracheotomy-fistula Two irregular foreign bodies nere seen an ^ 
extracted from near the bifurcation They proved to be sequestrums ^ 
thyroid cartilage The cough was immediately much improved At the reque^ 
of the father, the patient was allowed to return to the South From the re; 
of the family physician, August, 1922, it was learned that the patient 
very good health, no cough, had gained about 30 pounds, and was fee ul ° P 
fectly well He still had the tracheal fistula 
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It deserves to be emphasized that a timely extraction of a solid 
foreign body from the bronchial system can quickly improve and cure 
a patient, threatened with or already suffering from the inevitable conse- 
quence of its presence suppuiation 

( b ) Prompt , eaily suction in case of septic lung infection , due to 
aspiration dm mg nasophflt yngeal and othet operations under general 
anesthesia, or to a swim in infected waters with aspiration of such 
water , also to aspiration dining stomach lavage, etc 

Of the beneficial elfect of early, I might call it "pi ophy lactic,” 
suction, I personally can recoid two cases 

Casi 36 — Beginning severe lung suppuration subsequent to aspiration of 
stomach contents dm mg operation A man, aged 46, had had an appendectomy 
plus a cholecystectomy performed by me in October, 1920, under general 
anesthesia In the course of the operation, the patient vomited and stopped 
breathing Cyanosis developed, but prolonged artificial respiration restored 
normal breathing The first two days of the after-treatment were undisturbed, 
then a rise of temperature occurred with prolonged chills, persistent, most 
violent coughing spells and typical sputum The patient was very sick, 
requiring strong stimulation and careful nursing As soon as possible, with 
high fever still present, he was transferred to Lenox Hill Hospital Prompt 
bronchoscopy with aspiration (Lynah) was performed and continued at regular 
intervals for many months (six) Two distinct, small abscess cavities were 
revealed, closely adjacent, with the fluid level visible in the roentgenogram 
The patient and family were opposed to operation During the last year, 
endobronchial treatment was used with longer intervals Today the patient 
is perfectly well, with no cough, or sputum Clinical examination was negative 
Roentgenologist’s report “Nov 21, 1922 The lung abscesses m the right 
upper lobe have apparently completely disappeared ” 

Casi 37 — L A , a woman, aged 28, had undergone bilateral tonsillectomy 
at another hospital Three days later fever and cough began One week after 
operation, the patient expectorated distinctly dark, foul-smelling coagulated 
blood On the fourteenth day after the operation, the patient came under my 
care, with distressing, continuous cough, fetid sputum and high fever Almost 
all food was regurgitated m consequence of the paroxysmal phrenic concus- 
sions of the stomach There was right upper lobe affection She was admitted 
to Lenox Hill Hospital, April 7, 1921, viz, three weeks after the tonsil- 
lectomy Bronchoscopy by Dr Henry L Lynah revealed acute edema of 
right bronchus and suppuration from the right upper lobe bronchus Thorough 
cleansing of the bronchial tree was accomplished by suction The cough 
stopped as by magic, the temperature soon dropped to normal, and the appetite 
returned The patient considered herself completely restored to health and 
left the hospital against advice, after one week She was lost sight of, but 
traced by the hospital’s social service nurse, whose report, dated April 19, 1922 
reads “Patient m perfect health no cough , no sputum " 

Comment — To my mind, the therapeutic, one might say “magic,’ 
icsult m this early stage of serious commencing suppurative lung infec- 
tion subsequent to tonsillectomy represents a most important observation 
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For a long time, we had been waiting for just such cases The 
task was to find out whether early thorough removal of the infectious 
material by suction could possibly mitigate or cut short advancing 
suppuration 

Already at this early date m the evolution of this branch of thoracic 
surgery which promises so much, one likely will not go wrong in saying 
that results will run parallel with the time of suction, viz , the length 
of the interval between accident and suction, and the degree of virulence 
of the aspirated material It is to be assumed that stomach contents will 
usually be more infectious to lung tissue than aspirated blood and mucus 
This has been proved clinically by untold observations, inasmuch as so 
many cases of aspiration-pneumonia, subsequent to vomiting m the 
couise of general anesthesia, have proved fatal 

The following foui similar cases of this type I owe to the couitesy 
of Dr Jordan, and they are here published with his permission 

Case 38 — C H, a woman, aged 26, in the fall of 1918 had influenza, fol- 
lowed by a persistent cough for more than a year In the winter of 1919 she 
had several attacks of tonsillitis March 2, 1920, the tonsils were enucleated under 
ether, one day was spent in the hospital Two to three days later, while work- 
ing, severe pain occurred in the left side of the chest, fever, and rapid breathing 
March 11, she was seen in consultation by Dr Jordan The patient was 
critically ill, with all the symptoms of an acute suppuration in the left upper 
lung lobe The sputum was foul and bloody The stormy onset of the attack 
subsided within a week, but the pulse remained weak and rapid and the 
expectoration profuse and foul April 7, five weeks after tonsillectomy, she 
was transferred to the Lenox Hill Hospital The general condition was still 
poor, expectoration amounting to 250 c c in twenty-four hours 

Physical examination (Dr Schwerdtfeger) confirmed the diagnosis “lung 
abscess," which also showed plainly on the fluoroscopic screen in the roent- 
genogram First bronchoscopy was performed April 9 (Drs Lynah and Jor- 
dan), a 7 mm Jackson tube being used There was a profuse flow of pus 
through the tube On entering the left bronchus there appeared an edem- 
atous stenosis of the upper lobe orifice, a small opening from which free pus 
was expelled with each cough In addition, a membranous plaque was present, 
which also obstructed drainage from the upper lobe The slanting end of 
the tube was gently introduced into the orifice, separating the edematous 
structure The membranous plaque was removed by suction The lower lobe 
branches were then examined, but no pus was found Second bronchoscop} 
was performed two weeks later The orifice seemed somewhat wider, evpec 
toration was still profuse With the curved spiral cannula, 8 c c of bismut i 
subcarbonate m olive oil, 5 per cent, was injected This bismuth could after 
ward be seen on the roentgenogram within the abscess cavity, although a 
portion had leaked down into the lower lobe branches At the third bron 
choscopic treatment, April 28, the injection of bismuth-oil was repeated ay 
6 (fourth bronchoscopic treatment), decidedly less pus came from the a ectc 
bronchus, and the odor was hardly perceptible The patient continue 
improve visibly under weekly bronchoscopic treatments and was disc ar n c 
May 29 
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She went to the country for about two months and came back fully restored 
to health A roentgenogram taken in the fall of 1920 showed the left lung 
cleared up, except for a remnant of the bismuth m the upper lobe and m 
the lower lobe branches According to a recent report by the attending phy- 
sician, the patient is now m excellent health and is entirely free from cough 
and expectoration 

Case 39— W C, a man, aged 51, eight years previously had beginning 
diabetes Four years previously' he had pneumonia on the right side, and was 
sick for seven weeks Alcohol had been used freely, until recently He had a 
fistula in ano, with several attacks of abscess formation , and he had lost weight 
within the last three years The present illness began suddenly, three weeks 
previously, after an overdose of eating and drinking The patient awoke with 
vomiting and gagging, probably caused by aspiration of vomited material at 
that time Excessive coughing, with pain on the left side, followed by pro- 
fuse expectoration, set in and continued 

He was admitted to Lenox Hill Hospital, Oct 28, 1921 He was still fairly 
well nourished , very sick , coughed constantly day and night, and had profuse 
expectoration with a foul odor, a fever of 102 to 103 F The left lung showed 
extensive bronchial rales, dulness over the upper portion of the lung, in 
one area, distinct amphoric breathing The right lung was normal The 
roentgen ravs revealed two definite cavities, the upper, corresponding to the 
sixth interspace was the larger, with a fluid level The smaller one was in 
the eighth interspace Antidiabetic treatment and sedatives were used 
November 14, aspiration, with a needle and syringe, was negative December 
3, the second roentgenogram revealed the same findings The smaller cavity 
did not contain an) fluid, while in the larger one a “fluid level” could be 
distinctly seen No special improvement occurred under treatment Cough 
and expectoration continued December 3, bronchoscopy (Drs Lynah and 
Jordan) revealed “Edematous swelling at the orifice of the left upper lobe 
bronchus It is possible to pass this stricture with a 7 mm bronchoscope 
Profuse discharge of mucopus follows the stretching All other lobes free ” 
Bronchoscopy was followed by marked and immediate improvement Cough 
and expectoration were much less after a few days, sleep and appetite were 
better December 15, second bronchoscopy (Dr Jordan) revealed Appear- 
ance of orifice of left upper lobe shows a decided change Edema has almost 
disappeared, orifice is wide discharge much diminished The patient improves 
steadilv and rapidly He was discharged from the hospital, December 23, 
and went to the countr) All symptoms disappeared nothin a few weeks 
Today, aside from a small amount of sugar in the ur ne, the patient is perfecth 
well and working, as usual The left lung has cleared up, all physical signs 
hai e disappeared 

Case 40— C E, a man, aged 24, w'as admitted to Lenox Hill Hospital 
Tune 18, 1920 Tonsillectorm under ether was performed, June 5, 1920 Cough 
and fe\er developed six days afterward, expectoration, three to four days 
later Physical examination pointed to a lesion m the right upper lobe (Dr 
Schw erdtfeger) Roentgen-ray examination revealed a “triangular dense area 
surrounding a canty with a fluid !e\el and air bubble” (Dr Stewart) Foul 
expectoration, about 500 cc was produced daily Bronchoscopy, June 29, 1920 
(Drs L\ mb and Jordan), reiealed copious discharge of foul pus from the 
ngbt upper lobe onl\ , bronchial orifice, edematous, 10 cc of bismuth mix- 
ture injected Second broncboscopr was performed, Tuh 8, and the bismuth 
injection repeated, followed b\ immediate roentgen-rar examination ‘Bismuth 
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was seen outlining numerous cavities” (Dr Stewart) The quantity of sputum 
rapidly diminished and had practically disappeared at the third bronchoscopic 
treatment a week later The patient made a complete recovery and is per- 
fectly well today (Reexamination by Drs Schwerdtfeger and Stewart m 
June, 1922 ) 

Case 41 —A IT , woman, aged 28, was admitted to Lenox Hill Hospita 1 , 
April 30, 1922 Five weeks before admission, tonsillectomy had been per- 
formed under ether Cough and expectoration occurred a week later She 
had been expectorating about a pint of foul pus daily Roentgen- ray exam- 
ination, May 2, revealed “extensive density in the right upper lobe, showing 
a cavity with air bubbles Findings are distinctly those of a large, single 
pulmonary abscess” (Dr Stewart) First bronchoscopic examination, May 4, 
1922, revealed foul discharge from right upper lobe only, very copious, 
bronchus distinctly obstructed by edema, 20 per cent silver nitrate solution 
applied The patient was treated bronchoscopically with the application of 
silver nitrate and injections of a silver preparation, first, every week, then every 
two to three weeks, altogether seventeen times, until October 26 A distinct 
improvement was seen after the third and fourth treatments, and the patient 
has improved steadily since then There has been no secretion from the 
infected bronchus since September 28, and the patient feels perfectly well 
today The recovery is confirmed by the roentgen-ray findings 

Comment — If suction alone, or combined with local treatment, by 
means of bronchoscopy, can produce such remarkable clinical results 
a few weeks after the aspiration of septic material, it is not difficult to 
imagine that bronchoscopy with aspiration, as early as possible after the 
onset of lung symptoms, viz , as soon as the general condition of the 
patient permits, will reveal still more fulminant improvement Case 37 
proves this One single thorough aspiration cured the patient There 
is no doubt in my mind that not surgery in any form, inclusive of the 
artificial collapse of the lung, is primarily indicated in these terrible 
cases, which still occur so frequently, but bronchoscopy, with thorough 
aspiration, without or with local antiseptic treatment 

(c) Regular suction ti eatment, with mtiabi onchial chemical appli- 
cation and irugation, as well as mechanical treatment (dilatation, etc ) 
of the affected stem bronchi, m cases of lung suppm ation of long 
standing 

Case 42 — -V B , a girl, aged 14, had been well until she underwent a 
tonsillectomy in the spring of 1914 A few days later, signs of beginning 

lung suppuration, with the usual concomitant symptoms, set in The patien 
was very sick, and was treated expectantly for many months, at her home on 
the coast At last the attending physician decided to send her East or 
relief While crossing the continent, she was very ill, with high fever a? 
relatives that accompanied her expected her death on the tram The su 
evacuation of a large amount of pus gave great relief On her arrna in e 
York, where she came under my care, she was admitted to Lenox i , ^ 

pital The general condition was much improved Clinical observation ^ 
examination failed to reveal positive signs of abscess, cough with expec 
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tion having abated, but the roentgenologist interpreted the details of the 
roentgenogram as cavity with the fluid level in the right upper lobe No 
operation was advised The patient was sent to the country where great 
improvement occurred In the fall of the same year, she suffered a recurrence 
Bronchoscopy revealed all three lobes responsible for the purulent expectoration 
Endobronchial treatment was advised and carried out by Dr Yankauer, weekl} r , 
about thirty-two treatments being given from September, 1916, to May, 1917 
Gradual convalescence followed Today the patient is on the stage and 
enjoying life 

Casf 43— -A man, aged 20, had pneumonia involving the right lung m 1918 
Four weeks afterward, inflammation set in, and he began to cough pus The 
diagnosis was lung abscess in the middle lobe About six months later, he 
was referred to the bronchoscopic division of the Lenox Hill Hospital Pus 
was seen to ooze from the right middle lobe Many granulations had formed, 
causing stricture of the stem bronchus Stretching of the stricture was 
followed by cauterization Regular treatment was carried on there for more 
than eight months, once weekly, with gradually lengthened intervals Off 
and on, recurrent attacks of fever, with, hemoptysis and increased sputum, 
were regularly followed by improvement after bronchoscopy within from five 
to six days Today the patient is back at work There are no further clinical 
signs of chronic inflammation The report of the roentgen-ray department, 
Oct 26, 1922, w f as as follows “The entire right lower lobe shows extensive 
fibrosis and thickening of the pleura The right lower main bronchus is 
considerably dilated There is some evidence of minute cavitation The 
roeutgenographic findings would not indicate permanent improvement I feel 
confident that this patient is liable to exacerbation if subjected to any unusual 
exposure” (I owe permission to publish the report of this case to the 
courtesy of Dr Torek of the Lenox Hill Hospital, in whose care the patient 
was on the ward ) 

C \se 44 — A woman, aged 26, on whom bilateral tonsil lectomy had been 
performed under general anesthesia, four years previously, ten days later 
developed all the symptoms of lung suppuration She had four operations 
at another New York Citj hospital At the first and the fourth, pus was 
found and the cavity drained She entered the Lenox Hill Hospital m May, 
1920, with symptoms of lung suppuration The first bronchoscopic treatment 
was given May 25, 1920 Since then, until March, 1922, it has been repeated 
with thorough aspiration about thirty times At first, a great deal of secre- 
tion seemed to come from all three lobes of the right lung The stem bronchus 
was greatly obstructed by granulations, making it difficult to localize the 
sources of secretion, which was alwajs copious and verj putrid Repeated 
dilation of the bronchus was performed, together noth the injection of bismuth 
oil, 5 per cent, and the application of siher nitrate, etc The bronchoscope 
mealed gradual and considerable improvement The principal amount of pus 
formation came from the middle lobe She was well m the summer of 1920, 
having httle secretion In the fall, she suffered a relapse and was again 
improved by the same treatment Since that time, ambulatory treatment has 
been gnen since the patient lues out of town The immediate effect of the 
bronchoscopic cleansing was alwajs \er> marked The last relapse occurred 
m the fall of 1921, and she was readmitted to the hospital for the same 
treatment At the last examinations m Februarj, 1922, no secretion was seen 
at anj time The patient was free from all sjmptoms, and seemed perfectlj 
lie went to Ireland on a \isit for the summer on her own injtiatne. 
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from where she wrote under date of July 18 “Since I got home I am feeling 
just fine All trace of my illness has left me I feel just as strong as ever 
in my life, except if I run very much I get out of breath quickly I can ride 
a bicycle, enjoy rowing a boat, dancing and all the pleasures I used to enjoj 
before I got sick ’ (Of course, the patient had been strongly advised against 
risking such stunts ) “I can even work in the hajdieids I was working for 
two months before I sailed, May 27th, and felt fine, even when I was working 
in the country I felt myself improving I really think that having my lung 
washed out started it healing” 

The present condition of these three patients, whose cases are 
reported under c, can certainly be called “much improved ” 18 Naturally, 
not all patients denve the same benefit from this regular intrabronchial 
treatment, usually done once a week Some were but slightly improved , 
others, not improved, left the hospital, refusing operation I know that 
a few of the latter are still alive, leading an existence of misery, or have 
died, later on, at their homes without operation Experience will have 
to show whether more frequent treatments, than once a week, for a 
certain length of time, can do more good in advanced and obstinate 
cases 

COMMENT 

1 The different result, obtained by intrabronchial specialists treat- 
ment, is explained, to my mmd, principally by the pathologic variety of 
pulmonary suppuration It cannot do much good in typical multilocular 
bronchiectasis for obvious reasons It may, perhaps, alleviate the 
symptoms of these patients, and also, likely, temporarily reduce the 
fetid odor and the quantity of their sputum, but it cannot possibly bring 
about a cure 

The treatment promises better results in circumscribed suppuration, 
the so-called bronchiectatic lung abscess, also, it seems, m cases that had 
been incised by the surgeon without definite improvement, where, how- 
ever, increasing connective tissue formation favors Nature’s constant 
endeavors to bring relief 

It stands to reason that in this class of disease the greatest use for 
intrabronchial specialists treatment is m the prophylactic field, as 
already emphasized before, to cut short the threatened spread of the 
suppuration within the bronchial tree and the adjacent lung tissue, or 
to alleviate the severity of the infection by the early actual removal of 
aspirated and decomposing foreign substances from the bronchial tree, 
a task which cannot be accomplished by any other method of treatment 
The cases cited above prove this contention 

It seems significant m this respect, that a single bronchoscopic sue 
tion treatment, given three weeks after the tonsillectomy, was capable o 
curing a patient with beginning lung suppuration due to the aspiration 
of septic material, that a number of aspirations (two, three an 
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more), done at intervals of from one to two or three weeks, combined 
with mtrabronchial applications, weie required, when the treatment 
began weeks (twice, three and one-half , twice, five and one-half, six 
and eight) after aspiration , 19 and that this kind of specialists treat- 
ment, extending over months and years, is required to bring more 
definite improvement, when the trouble has existed for months and years 

It now will become necessary to corroborate the favorable observa- 
tions so far obtained by a larger series of successful cases 

2 Regarding the use of bismuth oil, 5 per cent , I do not venture to 
pass an opinion, it would be premature In one case, reported below, 
the repeated injections, done most dexterously with the help of specially 
constructed ingenious instruments, impressed me as likely having 
complicated the pathologic picture (Compare Case 49 under “Operation 
for Bronchiectatic Lung Abscess”) On the other hand, several patients 
m whom it was used early, were promptly cured 

3 It will also be interesting to find out whether antiseptic lotions 
used with mtrabronchial treatment can dissolve fibrinous coagulations 
and grumous material, which usually are found within the bronchiectatic 
abscess cavity 

4 In order to try to find the exact time when patients thus afflicted 
should be subjected to operation, all patients of this class who were 
admitted to my service at the Lenox Hill Hospital during an entire 
year (1920-1921) were first turned over to the bronchoscopic depart- 
ment for treatment A trying time, to be sure, for the operating sur- 
geon, but considered necessary m order to study definitely the possi- 
bilities of endoscopic treatment in this class of cases If, after a lapse 
of from six to nine months or more, improvement was unsatisfactory, 
a joint consultation of endoscopists, roentgenologist, internal consultant 
and surgeon was held, and an attempt was made to establish the 
indication for further procedure, whether it appeared right and wise to 
continue the specialists treatment, or whether the operating surgeon 
should take over the care of the patient 

In view of the results obtained and the improvement m the diagnostic 
classification of patients afflicted with lung suppuration, we now intend 
to try to segregate these patients soon after their admission to our 
hospital, adusmg, from the start, bronchoscopic treatment or operation, 
or, e\ entuall) , both combined 

5 There is no doubt m my mind that bronchoscopy is in the very 
beginning of its clinical usefulness Who knows— -and I should like 

19 \\ith reference to this point, Wessler’s statement (J 4 M A 73 1918 
[Dec 27] 1919) must be taken into consideration that m 33 per cent of all 
cans of acute puhnonan suppuration following tonsillectonr', the patients 
reco\ er spontaneoush within two months 
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to lepeat here the words expressed in the early pages of this article— 
whether the future will not see the trained bronchoscopist also join 
hands with the internist in fighting typical cases of pneumonia, obstinate 
m then convalescent stages It will need courage to do so, but if once 
started and peihaps if it brings relief in certain difficult cases, the 
foundation for this team work will have been laid 

2 0 pci ahve Treatment — This may be either conservative or radical 

(a) Consei vatwe — The operation of choice consists m the establish- 
ment of a temporary or permanent lung lip (bronchial) fistula for 
prolonged drainage and free ventilation of the infected portion of 
the lung 

(b) Radical — If the sutgeon or (and) the patient do not want to 
select the slower, and often more roundabout, procedure of lung fistula 
establishment, but prefer radical work, lobectomy must be performed 

Before reporting my cases treated with the help of a lung lip 
fistula, a word should be said concerning the term “lung lip fistula” in 
contradistinction to bronchial fistula 

We call a bronchial fistula the visible or audible opening of a 
bronchus, or of one or more of its divisions or subdivisions The open- 
ing is round, sharp-cut, often so small as just to allow the introduction 
of a probe, but permitting exit and entiance of air, or it is longitudinally 
or obliquely shaped, etc 

The lung lip fistula, on the other hand, represents the entrance into 
a visible cavity within the lung and provides for the prolonged or 
permanent drainage and ventilation of this cavity, which is the result 
of a bronchiectatic lung abscess It is artificially arranged for during 
after-treatment by continuously keeping the pulmonary wound filled 
with gauze, after incision of the abscess, so that skin cannot join slun, 
but the latter’s border is forced to unite with that of the opening leading 
into the lung 

Case 45 — In 1911, J operated on a young woman, a physician’s wife, who 
had developed an aspiration pneumonia subsequent to an ovariotomy P er 
formed under general anesthesia After several weeks, she came under my 
care Roentgen rays corroborated localisation m the right upper lobe, s ’ 0 '' 
ing multiple small cavity formations, fever, continuous cough with very e 1 
expectoration Under regional and local anesthesia, resection of the secon 
and third ribs with the intercostal tissue was performed Aspiration m 
rib bed revealed pus The abscess was opened about 2 inches below the sue 
of the lung It was filled with irregular, partially also round, coagu a 
masses of fibrin and detritus of the same foul odor as the sputum The ng^ 
when introduced detected a second abscess cavity “around the corner ^ 

longed drainage and tamponade was instituted with gradual improvement 
patient returned home under her husband’s care He removed the rain3 
tube after some time, and the wound healed Three months later, the sjmp ^ 
returned The lung cavity had to be reopened and drained , but this time 
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it open for six months The foul odor of the sputum again completely dis- 
appeared Later on, I was told by the husband that the tube slipped out of the 
wound and could not be reintroduced, and the fistula closed, never to reopen 
Today the patient is completely cured, without odor of breath, cough or sputum 

With the experience of the case just reported m mind, m my next 
case, I did not allow the external wound to close at all, but ai ranged for 
the formation of a lung lip fistula 

Case 46-— H W, aged 26, a school teacher, following an attack of what 
seemed to be lung inflammation, not due to aspiration, pneumonia or influenza, 
had developed a pronounced pulmonary suppuration He had been under the 
care of several colleagues and was finally declared consumptive, though tubercle 



Tig 4 (Case 46) — Bronchiectatic lung abscess of the left upper lobe due to 
nonprogressive local gangrene of the lung, clinically cured by permanent, thor- 
ough and direct drainage and ventilation of the irregular large cavities, with 
the help of a lung lip fistula, produced at a two-stage operati >n under local 
anesthesia 


bacilli had ne\er been found m his sputum With his family, he went to the 
mountains for mam months, but did not improve His sputum became so 
ofiensne that lie bad to be isolated He occupied a room on the first floor, with 
the windows alwajs open His parents asserted that the \eranda below was 
often uninhabitable after the patient had expectorated upstairs He lost con- 
siderable weight and finalh developed a small abscess o\er the third left rib in 
the mammillarv line, which was lanced bj the local pfnsician In tins deplor- 
able condition he came under mi care m November, 1936 

\fter thorough examination and brief observation, the primarv indication 
scvme to be better drainage Tins was established under local anesthesia 
urmg the interference the exploring finger determined the seat of the sup- 
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puration to be mtrapulmonary, not also intrapleural, as might have been 
possible As soon as the patient had improved somewhat and his temperature 
subsided, the operation for the permanent ventilation of the diseased area 
within the lung was carried out The operative plan was to resect the overlying 
rib as far as required and then arrange for a lung lip fistula This could be 
nicely done Under local anesthesia, a goodly portion of the third rib was 
removed and a large hole leading into the adherent lung exposed As the 
patient’s left arm was tied down by the chronically inflamed pectoral muscles, 
which prevented him from raising it beyond the horizontal line, the belly of both 
muscles was split transversely, down to the ribs and up to the subclavian 
vessels, so that the two portions of them could retract thoroughly Then the 
skin edges were stitched and placed in such a way on either side of the wound 
leading into the lung that the formation of the lung lip fistula had to result 
From this time on the patient made an uninterrupted and most satisfactory 
recovery, except that once he had a rather sudden profuse hemorrhage from 
the king fistula, which, however, could be controlled by tamponade through 
the opening, and further, that the removal of a gangrenous appendix became 
necessary By making him breathe in through the fistula, as described above, 
and having the nurse, after removal of dressings, direct a current of pure 
oxygen from the tank into the lung several times during the day, the patient 
meanwhile keeping his mouth closed and the nostrils compressed, the terrific 
odor of the sputum quickly disappeared never to return, and the discharge from 
the wound also ceased completely 

Today he holds a responsible position m a bank in the northern part of the 
state and is married 

A slight reappearance of the old symptoms in milder form sets in only when, 
against strict orders, he “jumps the fence’’ and dances, rides the bicycle or 
plays tennis He was warned against going out in a boat, yet he became an 
ardent fisherman last summer If his boat ever capsized or if he should fall 
into the water, it would mean instant death 

According to a letter received in July, 1922, he had, after great mental 
excitement, a sudden profuse hemorrhage from the lung which stopoed 
spontaneously and did not materially influence his general condition 


To my mind, this case proves that a far-advanced bronchiectatic 
lung abscess, representing a number of larger and smaller communi- 
cating suppurating cavities, can be brought under complete control by 
thorough direct drainage to the surface and permanent ventilation 
The observation of the gradual convalescence of this patient con- 
vinced me that there is “something” in this conservative method of 
operation, the conservatism in this instance having been forced on the 
surgeon by the much reduced general condition of the patient Lobec- 
tomy certainly was out of the question The point of this operative 
treatment is to see to it that every cavity drains to the surface thorough ) 
and directly Today I am still more convinced that the method is a 
useful one, after having seen and examined this patient, whose case at 
the time of operation seemed almost hopeless (Fig 4) It is extreme} 
interesting to look into this “dead crater,” six years after the operation, 
undei good illumination with an electric light carried at the tip of a v )r 
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introduced mto the depth of the lung The same central cavity exists, 
and lateral cavities communicate with it, with a dry suiface and blood 
vessels pulsating and shining through the many dividing walls 
diaphanously And the patient has neither cough nor expectoration, and 
the expired air is odorless He is cheerful, energetic and able to work 
The cavity, of course, cannot contract, as the lung is completely 
adherent to the parietal pleura, a fact which explains, to my mmd, why, 
now and then, under particularly increased blood pressure (undue 
exercise, mental excitement, etc ) a hemorrhage sets m 

To cure the patient completely today would, of course, require the 
excision of the diseased portion of the lung, here the left upper lobe 
However, I cannot find the indication to propose it, as it might easily 
prove disastrous, besides, the patient will not consent to it But do 
not some patients have to carry a lenal fistula throughout their lives, if, 
for example, the condition of the opposite kidney forbids nephrectomy ? 

A somewhat milder course of operative treatment, which eventually 
might also bring the cavity to a close, would be extrapleural thoraco- 
plasty m the uppei portion of the left side of the thorax, with circum- 
cision of the fistula and closure of the hole by suture, the latter to be 
done at a second stage, some time after the first 

This case again proved to me a phenomenon I had seen before and 
commented on m presenting such patients before various medical 
societies, namely, that these suppurating lung cavities evidently are 
inhabited by “partially” anaerobic bacteria (probably saprophytes), that 
were responsible for the teirific, indescribably foul odor, and live and 
multiply because of the insufficient ph)siologic ventilation through the 
trachea and bronchial system, but perish as soon as “volumes” of air 
and oxygen have direct and unobstructed access 

This was the first patient with a chronic nonspecific lung suppura- 
tion, v ho was intentionally operated on and treated with the formation 
of a lung hp fistula Since then, three more patients, equally afflicted, 
uere similarly treated, and two of them also cured of the suppurative 
lung inflammation 

C\su 47— A mm, aged 40 a chauffeur, came under my care not long after 
Immediately after an operation for circumcision under general anesthesia 
(ether) in June, 1916 a hronchicctatic abscess dex eloped m the right upper 
lobe \ rise of temperature reaching 104 F, set in soon after the operation 
and lasted for four weeks One week after the operation, he began to cough, 
and then for the first time he felt a sharp pain in the right axilla, with symp- 
toms of dry plcunsx He then went to the ^dirondacks where he did some light 
uork In the fall of 1917 increased temperature was noticed and a foul odor 
to the sputum Mmost constant cough and expectoration dex eloped, the latter 
- oi a icn offcnsix e rather sweetish odor a an mg in amount from 16 to 24 
ounces m twentx-four hours It did not contain am elastic fibers or tubercle 
incilh rbxsical examination rexealed fine rales oxer the right third rib also 
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some indefinite fine rales over the lower chest on the right side The left 
lung was normal The roentgen rays revealed marked cloudiness of a patchy 
character throughout the upper three fourths of the lung, more marked m the 
middle third, some strmglike shadows visible throughout this cloudiness, and a 
peaked diaphragm A nonspecific suppurating focus in the upper right lobe was 
diagnosed, and the patient sent to me for operation In January, 1918, under 
regional and local anesthesia an incision was made slightly convex downward, 
<n the second intercostal space The major and minor pectoral muscles were 
divided, incising a portion of each perpendicularly to its fibers later on in order 



Fig 5 (Case 47) — Bronchiectatic lung abscess of the right upper lobe, due to 
aspiration during general anesthesia for circumcision Pneumotomy was per 
formed under local anesthesia, arrangement being made for the estabhshmen 
of a lung lip fistula, which still persists after four years The lung trotib e is 
cured, and the patient is opposed to having the fistula closed 

to gam sufficient space Resection of 4 inches of the second rib was performed^ 
Careful division of the intercostal muscles proved that the lung was no 
moving, the pleural leaves being evidently adherent 

Aspiration was performed with a long needle of large caliber in the be o 
the resected second rib, the needle being pushed on in a straight direction ac^ 
ward, with a clear sensation of penetrating infiltrated tissue, and then su en . 
entering a cavity Aspiration drew some arterial blood, with distinct pu- 
flakes in greater quantity The lung was incised with the cautery, care u J 
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following the needle as a guide On reaching the tip of the needle the cavity 
was struck and widely opened It contained coagulated masses of fibrin of 
various sizes and shapes and of the same foul odor as the sputum had shown 
for many months The finger when introduced palpated an irregular cavity 
with a perpendicularly forward rising and resistent arch, evidently the posterior 
wall of a distended larger bronchus Upward the flexed tip of the finger 
entered a smaller pocket “around the corner” The cavity lay fully 2)4 inches 
below the surface of the lung Drainage was established with a split rubber 
tube Iodoform and sterile gauze tampons were inserted and loose dressing 
applied The patient was in splendid condition after the operation, and had 
noticed hardly any pam One week later, the first change of dressing was 
made The lung wound now represented a large cyhndric hole m the depth of 



Fig 6 (Case 48) — Nontuberculous bronchiectatic lung abscess of the right 
lower lobe, due evidently to septic embolism of low virulence, with subsequent 
localized nonprogressive gangrene Incision and clearing the cavity from the 
fibrinous coagulations were accomplished under local anesthesia Persistent 
drainage was established for the sake of forcing epithelization of the external 
opening, successful 


which one large and several smaller opened bronchi were visible Retamponade 
was performed In the course of further after-treatment, care was taken to 
establish a lung lip fistula After its definite formation, lasting several months, 
the rubber drain was removed In Tuly, 1919, the patient reported that be was 
in fine trim He had a slight morning cough, felt in perfect health and was 
able to w r ork Todaj, four years after operation, the artificial pulmonary 
fistula is still present Its skin entrance is collapsed When its lumen is 
separated, and with the patient’s lips closed and nostrils compressed, the 
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required quantity of air for ordinary respiration can easily be drawn through 
the fistula There is no cough, no expectoration and no fetor from the mouth 
The patient is at work as a chauffeur and is in splendid physical condition 
(Fig 5) He is opposed to having the fistula closed at present 

The foregoing experiences, though few m number, appeared sig- 
nificant to me at that time and convinced me, as already stated, that the 
establishment of a pulmonary lip fistula is a useful operative procedure 



Fig 7 (Case 48) —Wound closed spontaneously and permanently, patient 
entirely well, coexisting bilateral tuberculous epididymitis, suppurating on 
one side, was much improved by persistent hyperemic treatment To a> 
scrotal fistula is closed 

along conservative lines in advanced cases of bronchiectatic lung sup 
puration, when excision of the lung is either refused by the patient or 
his family, or it is contraindicated 

I decided to try it further, and an opportunity soon presented itself 
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Case 48 — A man, aged 25, came under my care with a bronchiectatic lung 
suppuration in the right lower lobe This time, aspiration had not taken place 
The abscess had developed with an attack of fever and had made the patient 
miserable Repeated sputum analyses proved the absence of tubercle bacilli A 
long stay in the mountains had failed to bring relief The foul odor of the 
sputum necessiated his admission to the isolation house at our hospital The 
roentgen rays revealed a fluid level in the right lower lobe The roentgen- 
ologist of our hospital, Dr William H Stewart, had localized the abscess and 
advised aspiration, 8 cm to the right of the spinous process of the dorsal 
vertebra, which was found, on measuring, to be 20 cm below the spinous process 
of the seventh neck vertebra The aspirating needle found pus at this place 
Two days later, under regional and local anesthesia, and with the patient 
sitting on the operating table, the cavity was found after rib resection, and 
exposed with the actual cautery It contained a collection of large and small 
masses of coagulated fibrin of the same fetid odor as his sputum Recovery 
was uninterrupted I taught his wife how to secure a permanent drainage tube 
in the wound leading down into the cavity, which was almost 2 inches below the 
surface of the lung After the lung lip fistula had formed, which took about 
six months, and the spontaneous closure of the canal was believed to be impos- 
sible, the tube was left out (Fig 6) Cough and sputum had disappeared long 
before, and the patient’s breath was sweet He was told to present himself at 
regular intervals After some time, he failed to appear and was lost sight of 
Through the efforts of our social service nurse at the hospital, he was recently 
traced, and, on presentation, the fistula was found to be completely healed 
(Fig 7) The wound had closed against expectation There is no cough and 
no sputum 

An interesting concomitant feature m this case was the presence of 
a bilateral, chronic tuberculous epididymitis, which I treated with Bier’s 
hyperemia Still, the lung trouble was surely nontuberculous, as proved 
by the location of the abscess (lower lobe), the freedom from disease 
of both apexes, the persistent absence of tubercle bacilli and the 
negative result of the complement fixation test, as well as postoperative 
developments It had been my intention to favor the closure of the 
lung fistula (which here, too, provided for sufficient aeration when the 
patient was told to close his mouth and compress his nostrils), by extra- 
pleural thoracoplasty, m order to effect collapse of the affected portion 
of the lung, aided by external elastic compression, and then freshen 
the walls of the canal with the actual cautery The patient’s failure 
to appear frustrated this plan, and Nature did the work alone 

For a complete, immediate cure, lobectomy would have been the 
operation indicated To this, the patient was opposed, m view of his 
having been recently married His wife, too, refused to consent to a 
more risky operation 

The case proves that such prolonged ventilation can produce a spon- 
taneous cure after months, without the patient’s having to wear a tube 
or tampon continuously in the wound for drainage, the ventilation being 
secured by forcing the scar tissue to line a large opening or dip into 
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a nariower canal and pi event the formation of a bottle- wound as well 
as the entrance of the bottle’s neck closing prematurely A similar 
observation was made in Case 45 

A more rapid collection of additional cases m which operation was 
thus performed became impossible Since a bronchiectatic clinic had 
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Fig 8 (Case 49) — Roentgenogram taken in the course of the preoperative 
bronchoscopic treatment of the bronchiectatic lung abscess, which proved to be 
of hour-glass shape later on The distinct shadows within the lung parenchyma 
are due to the injection, for diagnostic and therapeutic purposes, of 5 per cent 
bismuth oil into the stem bronchus of the lobe, harboring the abscess The fluid 
level m the lower portion of the abscess is clearly visible 

been created at our hospital, I considered it my duty, as mentioned 
above, to turn over suppurating lung cases that had come under my 
care to the clinic first, m order to find out the possibilities of this 
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fascinating specialists treatment and to observe how many of these 
patients would definitely cross the border line into surgery, and at what 

period 

Of those left to Drs Lynah and Joidan, only one has come back 
under my care for opeiation so far 

Case 49— A woman, aged 26, who had always been healthy, developed 
serious lung suppuration subsequent to tonsillectomy, which was performed at 
another hospital m October, 1920 She had persistent high fever when the 



Fig 9 (Case 49) — Bronchiectatic lung abscess treated by pneumotomy, 
with prolonged drainage and ventilation, preoperative bronchoscopy and the 
injection of bismuth oil Illustration shows the lung lip fistula m the process 
of its establishment 

endoscopic treatment was started Trials with the direct injection of 5 per 
cent bismuth oil through a long tube with a movable tip, advised by Dr 
Ljnah, and introduced through the bronchoscope, were made (Fig 8) A 
bougie cure of the contracted bronchus was resorted to, with direct cauteriza- 
tion of the easily bleeding granulations at this place Such treatment followed 
primary, thorough evacuation of the purulent, foul sputum by suction, but the 
patient did not improve She developed a larger cavity in the right lower 
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lobe, proved by clinical and roentgen-ray examination Unfortunately, 
bronchoscopic and clinical findings did not completely tally, for endoscopic 
inspection also proved the middle, perhaps also the upper lobe, to be affected 
Dec 14, 1921, under regional and local anesthesia, the cavity m the right lower 
lobe was exposed and drained with the help of the lower portion of the anterior 
half of a Schede incision, permitting partial resection of the fourth to the 
seventh ribs, inclusive The intercostal soft tissues were also removed In 
the axillary and postaxillary lilies, the normally colored lung was seen in the 
various intercostal spaces to move with respiration There were no adhesions 
between the lung and pleura in this region, but nearer the spine, the lung 
appeared darker, almost black, and did not move Evidently it was adherent 



Fig 10 (Case 49) —Both portions of the hour-glass shaped abscess laid 
wide open after additional rib resection at the time of the second operation, 
patient still under treatment 


Aspiration with a large needle detected pus, and exposure with t ie ac ua 
cautery led to a long, stretched and irregular cavity, which, as m the forcgoi 
cases, contained very foul smelling fibrinous coagulations of van° us s ' a ^ 
and sizes These were carefully removed The immediate addition o 
posterior Schede incision and resection of the seventh to fourth ri ar 
backward, in order to lay the suppurating field m the lung more \w cj o 
seemed most desirable But the patient’s condition at the completion o 
incision of the abscess forbade it at that time Drainage of the voun 
strips of iodoform gauze and split drainage tubes was estabhshe 
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bputum and odor disappeared at once, but the fever persisted, proving the 
existence of other trouble within the lung The lung lip fistula formation was 
sought at once (Fig 9), and thorough persistent respiration through this back 
door insisted on, while tonic and other medication, later a blood transfusion, 
kept the reduced patient alive After six weeks, the fever subsided, and the 
sputum, which had sometimes still amounted to as much as 350 c c in twenty- 
four hours, always without odor, commenced to diminish in quantity April 9, 
the patient left the hospital, and went to her home The wound was dressed 
three times every week and the patient was urged to inhale through the artificial 
opening as much and as often as possible She improved and gained in weight 
Recently, some increase in temperature and in the quantity of sputum 
developed, so that the additional posterior incision, with freer opening of the 
affected area, became necessary It was done, again under local anesthesia, 
by my associate at the Lenox Hill Hospital, Dr O C Pickhardt, July 20 
After resection of the rib stumps, the seventh to the fourth, inclusive, back- 
ward beyond their angle, and after excision of the intercostal soft parts, the 
lung was split postenorly upward with the cautery, a grooved director being 
held within the whole length of the fistulous tract, with comparatively little 
hemorrhage When near the upper end of the tract, the director, held by the 
first assistant, suddenly slipped further upward for quite a distance On 
resecting two additional ribs above and splitting the lung further, the exploring 
finger suddenly entered a cavity m the upper lobe (or m the uppermost por- 
tion of the lower lobe) which contained the same masses of coagulated fibrin 
of very foul odor such as had been found in the first cavity, farther down m 
the lung, several months before With drainage by means of split tubes and 
aseptic tampons, the wound was left wide open (Fig 9) The patient is now 
on the road to further recovery 

It is hoped that the direct permanent ventilation of the lung lobes — 
the only operation feasible under the circumstances — will also restore 
this patient to a fair degree of her former health It would be a 
splendid example of our ability, to give help in such complicated cases 
of lung suppuration by means of a more conservative operation, and 
lestore them gradually as useful members of the community 

COMMENT 

The five patients, whose histories have just been reported, have been 
pi esented before various medical societies m the course of the last few 
years and their cases discussed Should I venture to express a con- 
clusion on the basis of the experience gamed, I would say that the 
method promises great unpro\ement, if not an ultimate cure, in certain 
cases of this type, m stages, and that with a comparatively small rate 
of mortality Of course, it must not be forgotten that so long as the 
canal remains open these patients cannot be considered cured, even if 
the former lung suppuration has completely subsided They cannot 
take a bath, even in the tub, or go m swimming, nor must they ever 
fall into the water, for instance, while out fishing Instantaneous death 
by flooding the lung w ould be the consequence 



422 


ARCHIVES OF SURGERY 


It is true, it might be possible to close the opening with a cork, and, 
m addition, construct a snugly-fitting and safe suction rubber cap with 
inflatable neck, as we see it attached to the masks for general anesthesia, 
to make the fistula an -tight Still, with the body immersed in water, 
the life of the patients would depend on the proper working of such a 
device The slightest leak, and they would drown instantly 

When the patients have recovered and have been discharged from 
the hospital, they appear perfectly well In the case of a severe cold 
or of undue, and, of couise, forbidden exercise (bicycle riding, dancing, 
p’aymg tennis, etc ) temporary exacerbation may set m later on, with 
accompanying cough and reappearance of sputum, which is often 
st leaked with blood, also mild fever However, as stated above, these 
phenomena are only temporary The patients soon regain their former 
greatly improved state and are able to work Their weight mci eases, 
bachelois even marry, and they aie so well satisfied with the improve- 
ment attained that they refuse the second part of the work planned, the 
closure of the canal or opening So far, I have had no chance to attempt 
closuie of tire lung fistula, which I think would best be done by means 
of a circular excision of the skin lip fistula, cauterization of the canal 
that leads into the lung and collapse of the chest wall by extrapleural 
thoracoplasty 

In two of the patients just leported this lip fistula has closed 
spontaneously, both aie completely cured 

In conclusion of this report on personal experience in the operative 
tieatment of lung suppuration within the last twelve years, I would 
emphasize that, as a matter of necessity, the presentation of this sub- 
ject is necessarily of a somewhat tentative character The observations 
made merely demonstiate our efforts to find the operation best suited 
to the case m hand I realize fully that we stand but at the very 
thieshold of this important field of thoracic surgery and that the 
personal views cited above may have to be modified, perhaps con- 
siderably, m the course of time 


RESUME 

1 Bronchoscopy is of great importance m the treatment of acute, 
subacute and chronic, nonspecific and nonmahgnant lung suppuration 
It cannot possibly bring lasting benefit m the typical bronchiectatic 
case However, it seems to desene a permanent place m the specialists 
treatment of the bronchiectatic lung abscess It will likely have its 
triumphs, if resorted to primarily and promptly, m order to stop com 
pletely or reduce the advance of a beginning lung suppuration due to 
aspiration The earlier the evacuation of the aspirated mfecte 
material from the bronchial tree by means of suction can be carried ou , 
the greater, it seems, will be the chance for lasting improvement an 
for a definite cure 
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2 Of conservative operative procedures, two appear to deserve 
recommendation (g) ligation of a branch of the pulmonary aitery, 
best combined with extrapleural thoracoplasty at a second stage, m 
typical bronchiectasis, if lobectomy is contraindicated or refused, (b) 
the establishment of a temporary or permanent lung lip fistula for 
prolonged drainage and thorough ventilation in the case of a bronchi- 
ectatic lung abscess 

3 The typical unilocular lung abscess can heal spontaneously 
Otherwise, it is curable by incision and drainage The difficulty for 
the operator lies in properly localizing the focus within the chest before 
operation Roentgenography promises to assist the surgeon greatly m 
this respect 

If a preoperative, definite localization of the focus was not possible, 
then, during the operation, a wider rib resection, with excision of the 
intercostal soft tissues and inspection of the pulmonal pleura with 
reference to color and mobility from without, or, as a last resort, 
incision of the pleura and intrapleural palpation, will, m the majority 
of cases, reveal where the lung is adherent Beneath such adhesion, 
the abscess is usually found It will be a very rare occurrence in typical 
lung abscess to find the lung absolutely free from adhesions to the 
chest wall 

Preoperative aspiration is not advisable Aspiration with needle and 
syringe is best done in the course of the operation, when the adherent 
portion of the lung has been definitely made out 

Incision of the abscess should, if possible, be carried out at one 
and the same sitting, provided the adherent part of the lung is found, 
or at a second stage, according to anatomic findings and complications 
arising in the course of the operative work, after the infiltrated portion 
of the lung has been stitched m place 

In view of the fact that the lung usually is adherent to the chest 
wall corresponding to that portion of the lobe which harbors the 
abscess, it is hoped that a method will be found, roentgenographically, 
which will show the looked- for lung adhesion m the roentgenogram, 
and thus obviate the necessity of pleural exploration by the operator’s 
hand 

4 Lobectomy (resection of the lung), as the most radical operation, 
pi onuses an absolute cure It should be selected on strict indication and 
with due respect to the patient’s general condition Its present rate 
of mortality will no doubt be further reduced m the near future 

CONCLUSIONS 

3 he foregoing cases of subacute and chronic lung suppuration are 
all that haie come to me for operation within the last twelve years 
It is a rather small and modest showing, small as far as the number of 
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cases is concerned, and modest as regards the quality of the results 
obtained Howevei, as all have been observed and treated by one and 
the same man, their histones, operations, after-treatment and results 
may conti ibute, it is hoped, to some slight extent, to the evolution of 
this chapter of thoiacic surgery 

On analyzing the quantity and quality of the material presented, it 
must be remembered that twelve years ago thoracic surgery was a 
lathei new field, that the numbei of colleagues who recognized this 
addition to the chapter of boider-lme cases was small in the beginning, 
that some of those who at first had enthusiastically referred their 
chronically ailing patients with thoracic diseases to the surgeon iveie 
pei haps sometimes disappointed m not seeing, at once and more 
legulaily, positive lesults, and then hesitated in advising operation to 
patients sumlaily afflicted, and, fuithei, that many of the most 
enlightened soon had to enter military service 

Besides, thoracic cases aie scarce as compared with abdominal cases, 
and at the Lenox Hill Hospital of New York City the division of 
seivice accoidmg to the type of disease (thoracic, abdominal, urinary, 
extremities, etc ) could not be mtioduced so far Every surgeon there 
is actively engaged in thoiacic work, an arrangement which also has 
its great advantages, since it enables many mmds to work on the solu- 
tion of difficult problems 

A hand was also lent to determining the value of mtrabronclual 
treatment, which naturally conti lbuted to a i eduction of the number of 
cases reaching the surgeon 

Furthermore, regarding admission of patients with advanced cases 
of consumption for operation, the laws of the New York State Board of 
Charities forbid the admission of patients with active tubercle bacilli 
m their sputum to our wards It will be advisable for the hospital 
boards, at least in the state of New York, to set aside some small ward, 
or, if not available, a few small rooms for the operative treatment of 
these patients 

Although it will perhaps be seen, m the near future at least, that the 
surgical treatment of thoracic diseases, including cases of patients 
afflicted with advanced pulmonary tuberculosis, will become specialize , 
nevertheless, it seems to me, all general hospitals should be prepared to 
help those m this deplorable state In every large hospital, I am sure, 
at least one surgeon will be found who is ready to operate on patients 
suffering from troubles above the diaphragm I believe that, m tie 
end, thoracic surgery will develop in such a way that surgeons um 
versally will take it up, and, like abdominal surgery, it will be in tie 

hands of all . 

That the quality of end-iesults of the cases reported abo\e is no 
better also has, m part at least, its explanation Twelve years ago, wc 



MEYER— LUNG SUPPURATION 


425 


were not capable of making a differential diagnosis of the various 
types of subacute and cluonic lung suppuration — each of which has, it 
seems to me, its special type of surgical interference — as we are able 
to do, more or less at least, today, and to select the special type of 
surgical interference called for Often we were groping in the dark 
m order to determine what it was best to do m the given case and how 
to do it The cases of the patients sent were usually far advanced 
Having been recommended to the “surgeon,” almost everyone was sub- 
mitted to some kind of operation Operations were consequently per- 
formed which we wou’d refuse today, and some patients were submitted 
to an interference which we would consider not indicated with our 
present knowledge But by waj of disappointments and subsequent self- 
scrutmy, by the cooperative work with the bronchoscopist and roentgen- 
ologist, and also by observing and analyzing satisfactory and pleasing 
results, more light was gradually thrown on a field which at first 
appeared to us rather bewildering and dark Incidentally a few prin- 
ciples for personal guidance m thoracic work m general were evolved 
which may perhaps also help others in this arduous, yet so immensely 
fascinating field (1) to be prepared for the application of differential 
pressure in every thoracic operation, in order to meet the possible 
deleterious effects of an operative collapse of the lung, (2) to push local 
and regional anesthesia to the limit, for the sake of avoiding, as far 
as possible, aspiration of pus into, and subsequent inflammation of, 
hitherto nonaffected portions of the lungs, (3) to try to restore physio- 
logic conditions at the completion of the operation, yet take care of 
the usually occurring postoperative effusion of fluid into the pleural 
cavity, which calls for complete closure of the chest wound with 
air-tight drainage 
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BENIGN AND MALIGNANT GROWTHS OB THE 
NASOPHARYNX AND THEIR TREATMENT 
WITH RADIUM * 

S J CROWE, MD and JOHN W BAYLOR, MD 

baltimorf 


The primary object of this article is to report our experiences with 
the use of radium as a therapeutic agent in nasopharyngeal growths, 
but we also wish to emphasize the fact that here, as elsewhere m the 
body, the growth must be recognized during the earliest stages of its 
development m order to improve materially our present therapeutic 
results- — whether the method of treatment employed is operative, the 
actual cautery or irradiation 

Our results with the radium treatment of lymphosarcoma of the 
nasophaiynx are not good, although this variety of sarcoma disappears 
locally after irradiation more rapidly than does any other type of tumor 
with which we are familiar One possible explanation for this unsatis- 
factory clinical result is that the earliest symptoms of lymphosarcoma 
in the nasopharynx are difficulty m breathing through the nose and 
eustachian tube obstruction, and that these symptoms are usually treated 
without recognition of the underlying cause until the growth has become 
diffused throughout the body We believe that it would be a wise pre- 
caution to treat with radium every adult patient that has a localized 
hypertrophy of the lymphoid tissue limited to the nasopharynx, rather 
than to remove this hypertrophied tissue with a curet (Case 1) 
If it were possible to make a definite differential diagnosis between 
lymphosarcoma and benign hypertrophj from the microscopic appear- 
ance of a small fragment of the growth, the excision of a piece for 
diagnosis might be justifiable, but, unfortunately, a differential diag- 
nosis is often not possible unless the section includes a large portion 

Ot tnf* tiimnr ° * 


" a localized, hard, submucous swelling ,s discovered m the 
narophannx, or a circumscribed lesion ts seen on the mucous membrane 

„,e „! l ! SgeS,S “ earlV carc "’ 0ma th ° ro “gh surgical extirpation, without 
cl mmar; excts.on for microscopic diagnosis, ,s the method most 

o res ult in a cure In the later stages of carcinoma of the naso- 


* From the Department of Surgery, Johns Hopkins Hospital 
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pharynx, surgical removal is hopeless, and although irradiation will 
greatly ameliorate the symptoms and will occasionally remove the local 
growth, a cure is rarely possible on account of the metastases 

The tumors that arise in the posterior half of the nasal cavities and 
m the nasopharynx are particularly suitable for the study of radium 
as a therapeutic agent The malignant growths that arise in these 
areas are as a rule recognized so late that complete operative removal 
is not possible, and many of the benign growths are so vascular that 
removal would necessitate an extensive and deforming operation It 
is m this type of benign tumor that we have had the best results with 
radium , but the disappearance or marked decrease m size of the local 
growth m many of the malignant tumors has led us to believe that 
thorough irradiation at an early stage of their development would 
produce more favorable results 

When a malignant growth is accessible and can be completely 
removed without endangering the patient’s life, we do not believe it 
advisable to jeopardize the chances of recovery by first trying radium 
or roentgen-ray therapy , but in many of the cases that we are reporting 
the growth was so extensive that it seemed justifiable to employ radium 
alone 

The clinical diagnosis in man}'- of our cases was supplemented by 
the microscopic study of a small piece of the growth The classifica- 
tion of the tumor may be incorrect, since it is often impossible to decide 
from the histologic appearance of a small fragment of tumor whether 
the growth is a carcinoma or a sarcoma It is also difficult to classify 
the various types of sarcoma that occur in the nasopharynx, and, with- 
out the clinical findings or a large section of the tumor, it may be 
impossible to determine whether the growth is an angioma or an 
angiosarcoma, a round-cell sarcoma or a very cellular fibroma This 
is due m part to the fact that only a small fragment of the tumor is 
removed for diagnosis and this fragment comes from the surface of 
the growth, but the difficulties of microscopic diagnosis are also 
increased by the inflammatory reactions that are so common m tumors 
of the upper air passages 

Clinically, it is not so important to determine whether the growth 
is a carcinoma, a sarcoma, an angioma or a fibroma They all tend 
to invade the accessory nasal sinuses, the orbit and the intracranial 
cavity, and for surgical therapy one type is as inaccessible as another 
It is desirable, however, to know what types of tumor respond most 
readily to radium, and, for this reason, we have excised bits of tumor 
m the majority of our cases 

Before discussing the details of our cases we will review briefly t ie 
various types of new growth that occur m the nose and nasopharynx, 
together with the signs and symptoms that lead to their recognition a 
an early stage of their development 
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NASAL POLYPS 

The polyp is the most prevalent type of tumor m the nasal passages 
Ewing 1 describes it as a pseudoneoplasm of inflammatory origin that 
is probably always benign , but Heymann 2 reports three cases m which 
a polyp has become malignant This is an important point It is the 
general concensus of opinion that a nasal polyp itself does not become 
transformed into a malignant tumor, but that the polyp appears in 
certain cases as a result of a deep-seated primary malignant growth 
under the mucous membrane Infection is the etiologic factor of the 
nasal polyp in about 95 per cent of the cases, but the possibility of 
an underlying growth must always be considered There is at present 
a patient m the Johns Hopkins Hospital whose case well illustrates 
this point 

A white girl, aged 16 years, was admitted with an extensive bilateral destruc- 
tion of the superior maxilla and a large defect in the hard palate The 
history dates from an abscessed upper molar tooth, one year previously, and 
suggests an osteomyelitis The painless course of the disease and the extensive 
destruction of bone suggest svphilis Aside from the defect in the hard palate, 
the most prominent featuies on examination were (1) Large myxomatous 
polyps filled the nasal cavities and nasopharynx (2) All of the upper teeth 
were swaying in their sockets, and the roentgenogram revealed destruction 
of the entire alveolar process on both sides 

The Wassermann reaction of the patient and that of her mother were 
both negative, and intravenous therapy did not improve the local condition We 
have never seen nasal polyps m association with a tertiary lesion in the nose 
or hard palate The polyps in this girl were removed on two occasions 
There was nothing unusual in their microscopic appearance, and the true nature 
of the malady was recognized only when a piece of the mucous membrane at 
the point of attachment of a polyp showed definite carcinoma 

Histologically, there are three types of nasal polyp 1 (1) The 
fibroma edematoides simplex is made up of edematous connective tissue 
and fibroblasts The epithelial covering may be ciliated, transitional 
or squamous There is usually an accumulation of round cells under 
the surface epithelium and around the blood vessels The edema is due 
to an albuminous transudate, with traces of mucm (2) The adeno- 
fibroma edematoides often shows a pronounced hyperplasia of the 
surface epithelium and a large number of mucous glands, but the 
microscopic appearance rarely suggests a neoplasm (3) The fibroma 
edematoides c)sticum may be mistaken for a true myxoma The 
clinical course and prognosis, howe\ er, are very different m these two 

1 Ewing Times Neoplastic Diseases, a Treatise on Tumors Ed 2, 
Phihdelphn "W B Saunders Company, 1922 p SO 

- Heumnn P Die Gutartigen Geschw ulste der Nase, Handb d Lar\ngol 
» Khinol 3 S29-S30 1900 
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conditions The fibroma edematoides cysticum is a benign polypoid 
growth and owes its appearance to the occlusion of alveoli and ducts 
of the mucous glands, while the true myxoma is a tumor that invades 
bone Either of these conditions may arise m the ethmoidal region 
The former is due to a primary infection in the accessory nasal sinuses 
and does not invade, while the latter is a neoplasm that invades the 
intracranial cavity or orbit 

The choanal polyp is a firm cellular tumor that arises from the 
mucous membrane of the maxillary or sphenoidal sinuses as the result 
of a low-grade chronic infection This polyp differs from the types 
mentioned above only in its location and size It grows through the 
natural orifices of the sinus and extends backward into the nasopharynx 
Zarniko observed bone formation and marked hyperplasia of epithelium 
m a choanal polyp Although these choanal polyps may fill up the 
entire nasopharynx, they do not adhere to the walls of the nasopharynx 
and soft palate as do the fibromas A careful nasal examination will 
usually disclose the pedicle of the tumor coming from one of the 
accessory nasal sinuses If the pedicle is divided, the growth will drop 
mto the mouth Simple division of the pedicle, however, will not 
prevent a recurrence, the mucous membrane from which the growth 
arises must be removed 

None of the various types of polypoid growths that occur m the 
nose or nasopharynx has a rich blood supply, and excessive bleeding 
following the removal of a polyp always suggests that the primary 
cause maj be a malignant growth instead of an infection 

Irradiation has but little influence on the size or growth of polypoid 
or myxomatous tissue We have never implanted either radium or 
its emanations into a nasal polyp , but we have repeatedly irradiated 
heavily both mtranasally and externally without curing the polypoid 
condition 

H R Lyons 3 of the Mayo Clinic, however, belie\ es that radium 
may be used to advantage m the treatment of myxomatous nasal polyps 
He first removes the polyps, together with the mucous membrane from 
winch they arise, and from three to six days later applies radium 
directly in the wound He uses a 50 mg tube enclosed in a siher 
capsule and covered with a sterile rubber finger-cot, and leaves it m 
place for two hours The polyps may recur within a month after the 
treatment, but on microscopic examination they are found to contain 
more fibrous tissue than did the original polyps A second operation, 
followed by a second n radiation will usually result m a cure No burns 

3 Lyons, H R The Use of Radium in the Treatment of Mjxomatous 
Nasal Polyps Preliminary Report, Am J Roentgenol 8 407, 1922 
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were observed m the fourteen cases treated with from 25 to 50 mg 
of radium for two hours He finds that radium will not cure the 
infection of the accessory nasal sinuses, which is the primary cause 
of the polyps , but, when used m conjunction with operative treatment, 
it prevents a recurrence of polyps 

NASOPHARYNGEAL FIBROMA 

The nasopharyngeal fibroma is a tumor that occurs in boys between 
the age of 10 and 20 years It is rarely seen in girls This type of 
growth is mentioned m the writings of Hippocrates, who describe an 
operative method for its removal 

The tumor is benign in the sense that it does not metastasize, but, 
clinically, it is very different from the other benign tumors of the 
nasopharynx It is composed of fibrous tissue with large cavernous 
blood spaces, especially prominent near the periphery It grows by 
extension and invades the orbit, the accessory nasal sinuses, the ptery- 
goid or temporal fossa, or the intracranial cavity It is characteristic 
of this tumor that as it grows it becomes attached to the soft parts 
with which it comes in contact, and thus derives an additional blood 
supply This characteristic renders surgical removal very hazardous, 
often a large fibroma is found to have many points of attachment, and 
the arteries that enter it may be as large as the external carotid 
Mikulicz, 4 in 1899, gave the details of as many as twenty different 
methods of treatment, including the injection of chemicals, electrolysis, 
the use of snares and the various methods of surgical removal The 
inaccessibility of the tumor and the difficulty in the control of hemor- 
lhage are responsible for the high operative mortality and incomplete 
removal of the growth irrespective of the method employed 5 

It is also characteristic of these tumors that they often cease to 
grow and gradually disappear after the age of 25, just as a fibroma 
of the uterus may disappear after the menopause The growth origi- 
nates from the fibrocartilage of the upper cervical vertebrae, basilar 
process of the occipital bone, or the internal lamina of the pterygoid 
process Bensch, 6 in 1878, pointed out that these growths tend to dis- 
appear at the age when the sphenoid and the basilar processes of the 
occipital bones become united, and ossification of the cervical vertebrae 
is completed 

Histologically, a fibroma of the nasopharynx may be mistaken for 
a sarcoma Tins is due to the fact that areas of embryonic connective 

t Mikulicz, T Neubildungen des Rachen u des Nasenrachenraumes, 
Inndb d Lanngol u Rlnnol 2 411-421, 1899 

5 Hellat, P Die sogenannten fibrosen Nasenracbenpolypen, Ort u Art 

ion 1 InSCrtl0n U lhrC Be5nndlun S' Arch f Laryngol u Rhino! 25 329-344, 

6 Bencch, quoted bj E\ung, Footnote 1 
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tissue me always present, and, if only a small bit of the growth is 
excised, the microscopic appearance may be very misleading 

The most important clinical symptom is bleeding One of our 
patients has had numerous spontaneous hemorrhages, with a loss of 
blood varying from 500 to 1,000 cc on each occasion Removal of 
a small piece of growth for microscopic examination m one case was 
followed by such severe bleeding that transfusion was necessarj 
Conservative treatment is particularly indicated in this type of 
growth Although our experience has been limited to four cases, two 



Fig 1 — Fibroma of the nasopharynx in a youth, aged 20, treated by hea\ ) 
irradiation followed by excision of the remainder of the growth, we t ree 
years later 


of these patients are well, and the other two are improving The 
treatment has consisted of a combination of implantation of emanations, 
mtranasal and external irradiation, and partial removal by operative 
methods The details of the clinical history and treatment are given 
m Cases 1 to 4, inclusive The microscopic appearance of a fibroma 
of the nasopharynx is shown in Figures 1 and 2 The growth in Figure 
1 was cured with radium, while that shown in Figure 2 was cure 
by operation 
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ANGIOMA 

Angioma originating on the lateral wall of the nasal cavity is not 
such a rare condition as the textbooks would indicate The very exhaus- 
tive articles by Heymann and Mikulicz m Heymann’s Handbuch fur 
Laryngologie only mention angioma m order to emphasize the infre- 
quency of its occurrence m the nose and nasopharynx The articles of 
Kummel, 7 Marschik 8 and Oppikofer 9 do not mention this type of 
growth The discussion of angioma of the nasal cavity m the text- 
books of St Clair Thomson, Wright and Smith and in the last edition 
of Denker and of Brunmgs is limited to the bleeding septal polyps and 
the varicosities of the septum that occur in Kiesselbach’s area We 
have had seven cases in which an angioma originated on the lateral 
wall m the posterior half of the nasal cavity and secondarily invaded 
the nasopharynx, and one case of a circumscribed submucous angioma, 
the size of a walnut, that originated and remained localized m the 
nasopharynx The histologic appearance of the growth m six of these 
cases is that of a simple cavernous angioma, while m two cases, the 
microscopic appearance suggests an angiosarcoma The clinical history 
and the absence of metastases to glands, involvement of cranial nerves, 
invasion of orbit or intracranial cavity justifies their classification as 
angioma It should be emphasized again that the histologic appearance 
of a small fragment of nasal and nasopharyngeal growth does not 
justify an absolute diagnosis as to the nature of the growth or a final 
opinion as to the prognosis 

It is noteworthy that m this group of eight cases the first symptom 
of the growth appeared between the age of 16 and 28 years, the 
average age of onset was 20 years The first symptom m every case 
was nasal obstruction 10 In three cases tinnitus and impairment of 

7 Kummel, W Die Bosartigen Geschwulste der Nase, Handb d Larvngol 
u Rhmol 3 874, 1900 

8 Marschik, H Die Pathologie u Diagnostik d malignen Geschwulste 
der Nase und des Nasenrachenraumes wit Ausschluss der Nasenrachenfibrome, 
Beitr z Anat , Physiol Path u Therap d Ohres [etc J 7 327-378, 1913-1914 

9 Oppikofer, E Ueber d primaren malignen Geschwulste d Nasen- 

rachenraumes, Arch f Laryngol u Rhmol 27 526-564, 1913 

10 The clinical history regarding nasal obstruction may be misleading in 
one respect We have often seen a growth located in the posterior half o 
the nasal cavity on one side that pushed the septum over until it occluded t e 
opposite side and caused bilateral nasal obstruction We have seen this " lt] 
benign growths — such as the fibroma and angioma, and in rapidly growing 
sarcomas The carcinomas, on the other hand, rarely reach a size su icien 
to push over the septum They either ulcerate as rapidly as the> grow or 
imade the septum and destroy it Carcinoma involving the nasopharjnv rare } 
reaches a size sufficient to gne rise to obstruction to breathing as an ear} 
s}mptom 
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hearing in one or both ears appeared at the same time, or soon after 
the nasal obstruction was noted Pam across the bridge of the nose 
was present in one case, in the remaining seven, the growth caused 
no pam 

The duration of symptoms varied from two years to ten years 
before the patient came under our observation, the average was four 
years In one case, a large cavernous angioma occupying the entire 
nasopharynx and obstructing both eustachian tubes had given rise to 
no symptoms until two weeks before admission, although the growth 
must have been present for several months 

Severe and frequent hemorrhages from the nose were a prominent 
feature in five of the eight cases in this group It is of interest to 
note that four of the patients had had before admission one or more 
nasal operations m which a portion of the growth was removed It 
is our impression that as a direct result of a partial removal the growth 
becomes infected and ulcerated, and thus endangers the patient’s life 
from hemorrhage For this reason, it is probably deleterious to the 
best interest of the patient to remove a piece of the growth for micro- 
scopic examination, and it is certainly not advisable to attempt the 
removal of the large nasal growths of this type through the nose The 
fact that a piece of the growth had been removed was undoubtedly 
responsible for the frequent and severe hemorrhages m four of the 
five cases that presented this symptom 

There was unilateral exophthalmos in one case, but m none of the 
remaining seven cases was there any evidence of involvement of the 
orbit intracranial cavity or any of the cranial nerves 

We have been unable to find any statistics of the complications or 
end-results of operative removal of large hemangiomas located m the 
posterior part of the nasal cavities or nasopharynx , but our experiences 
m one case (Case 6) convinced us that surgical extirpation of a growth 
of this character is an extremely hazardous procedure 

An abstract of the history of two of our cases with extensive 
nasal angioma will serve to illustrate the advantages and disadvantages 
of surgical treatment as compared with radium treatment 


Case 6 —A white man, aged 33, was admitted to the Johns Hopkins Hospital 
in September, 1913, complaining of complete nasal obstruction and epileptic 
attacks The first svmptom, nasal obstruction, was noticed m 1903 Headache 
was first noticed during the latter part of 1912 He had his first general con- 
Milsivc seizure in June, 1913, and, two months later, he had two similar attacks 
These attacks were not focal and were not preceded by an aura 

\n attempt w r as made to remo\e the growth through the nose m 1905 
This operation w r as accompanied b} such profuse bleeding that only a small 
fragment of growth was remosed The operation, howeser, w r as probably 
responsible for the fact that during the next eight vears he had frequent and 
se\ere hemorrhages from the nose During the two and one-half sears follow- 
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mg the nasal operation, the patient said that he had received about 200 mg hours 
of irradiation, but the amount of radium used or the method of application is 
not stated This treatment was apparently of some value, for m 1908 his general 
condition began to improve and the nasal hemorrhages became less frequent 

In 1912-1913, however, the growth was evidently increasing in size, as 
evidenced by the obstruction to breathing, headaches and epileptic seizures 
We, therefore, attempted to remove the growth by surgical operation Under 
ether anesthesia, an approach was made through the left antrum The control 
of hemorrhage was very difficult on account of the many large vessels that 
channeled the neighboring bony structures in the roof of the nose and entered 
the tumor at numerous points It was impossible to clamp these vessels, and 
the use of bone wax was of little value on account of their size After 
removal of the naso-antral wall and freeing the nasal portion of the growth, 
the operation was discontinued on account of the excessive bleeding No 
attempt was made to remove the growth m the posterior part of the nasal 
cavity and the nasopharynx It was necessary to pack the wound with gauze 
in order to control the bleeding The infection of the accessory nasal sinuses 
and of the entire wound necessitated removal of the packs at frequent intervals, 
and during the five weeks following the operation there were numerous hemor- 
rhages The hemoglobin on the day of the operation was 92 per cent, and 
one month later had fallen to 29 per cent , with nucleated red cells in the circula- 
tion The wound gradually closed, however, and, when the patient was dis- 
charged on the seventieth day after the operation, the blood count was 4,200,000 
red cells, 6,200 white cells and 80 per cent hemoglobin 

A letter from this patient in 1920, seven years after the operation, states 
that he has had no symptoms of epilepsy and no hemorrhages since leaving 
the hospital The nasal obstruction gradually disappeared, and, for several 
years, he has been well 

It is not an uncommon experience in the surgical treatment of blood 
vessel tumors in any portion of the body to see the growth gradually 
regress and finally disappear after a partial extirpation This is thought 
to be due to the fact that the portion removed is the primary point 
of origin or “nucleus” of the growth 


Case 9 — A white boy, aged 18, was admitted to the Johns Hopkins Hospital 
in March, 1918, with a growth involving the left side of the nose and the 
entire nasopharynx, which had caused complete nasal obstruction for two 
years There was some doubt from the histologic examination of the sma 
piece of tumor removed from the nose as to whether the growth in this case 
was a simple cavernous angioma or an angiosarcoma The important point is 
that this was an inoperable tumor on account of its location, size and vascularity, 


and that radium treatment has resulted in a disappearance of the tumor 

The first symptom of the growth in this case was difficulty in breathing 
through the left side of the nose As the tumor increased in size, the naso 
pharynx became involved, and the nasal septum was pushed over until t ie 
right side of the nose became obstructed Examination revealed that the grow 1 1 
had eroded the hard palate on the left and was appearing m the roof o tic 
mouth It is of interest m this connection to note that there is no histor} oi 
pain A piece of the growth was removed through the nose on two occasions, 
and each time the bleeding was profuse and difficult to control 



439 


CROW E-BAl LOR— GROWTHS OF NASOPHARYNX 

The general physical examination was negative, with the exception of a 
well compensated mitral lesion and a secondary anemia There was no evidence 
of metastases to the glands of the neck, and the spleen was not enlarged 
The blood Wassermann reaction was negative 

The radium treatment in this case consisted of external and mtranasal 
irradiation and the implantation of one 4 millicurie emanation point in the 
nasopharyngeal portion of the growth It is of interest to note that the growth 
decreased in size, the septum resumed its normal position, and, within a month 
after the first treatment, the patient was able to breathe through the right side 
of the nose for the first time in a year Six months later, breathing was 
reestablished through both sides of the nose The last examination, three and 
one-half years after the first radium treatment, disclosed no gross evidence of 
growth in the nose, nasopharynx or hard palate The area in which the bone 
was destroyed in the hard palate healed without secondary infection 

SARCOMA 

In selecting the material for this report, we have included only those 
cases m which the growth involved the nasopharynx The cases with 
tumors limited to the nasal cavity or to the accessory nasal sinuses may 
be described in a subsequent publication The primary point of origin 
is difficult to determine , but in eight of our twenty-six cases of sarcoma 
the history of involvement of the eustachian tube as one of the earliest 
symptoms suggests that the growth arose in the nasopharynx In 
fourteen cases, however, nasal obstruction was an early symptom and 
suggests nasal origin The statistics of Gurlt 11 indicate that sarcoma 
of the nasal cavity is four times as frequent as carcinoma Mikulicz, 
in 1900, referred to the difficulty of recognizing the true nature of a 
nasal or nasopharyngeal growth by the histologic study of a small 
fragment, and suggested that many of the cases reported as sarcomas 
are probably very cellular or infected fibromas Although metastasis 
to the cervical lymph glands may be the earliest symptom of a malignant 
growth in the nasopharynx it not infrequently happens that an ulcerated 
benign growth or a granuloma in this area is also associated with 
an early and pronounced enlargement of the neighboring glands 
Marsclnk, in 1914, collected 853 cases of malignant tumor of the nose 
and of the accessory nasal sinuses He finds that sarcoma is the 
most frequent type of malignant tumor m the nose, and that it tends 
to invade the sinuses secondarily , while the carcinoma arises most com- 
monly within the sinuses and grows into the nose or the intracranial 
ca\ ity He also finds that the round cell sarcoma is frequent in the 
nasophar) nx, but is rare in the nose or sinuses 

Marsclnk refers to the great variation m the histologic appearance 
of the nasophar} ngeal fibroma, and to its similarity to sarcoma 

11 GurU > E Beitrage zur chirurgisclien Statistik I Zur Statistik der 
Gcschwulste ■hrcli f Klin Chir 25 421-467, 1880 
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Mikulicz, in 1900, and more recently, Oppikofer directed attention to 
the fact that the microscopic diagnosis of a nasal or a nasopharyngeal 
tumor may be veiy misleading, and that every case must be thoroughly 
studied before a correct diagnosis can be made or an opinion ventured 
as to the outcome Mikulicz cites as an illustration a patient with a 
granulation tissue tumor of the nose who was subjected to an extensive 
operation for sarcoma because the diagnosis was based solely on the 
inspection of the local condition and on the microscopic appearance of 
a fragment of the growth 

In the nose, especially, there is often an inflammatory zone around 
an early carcinoma that may cause confusion in the histologic recog- 
nition of the true condition Oppikofer refers to the case of a man, 
60 years of age, with a nasal tumor The location, size and appearance 
of the growth, the age of the patient, and the symptoms all suggested 
a cancer, but it was necessary to remove three separate pieces before 
the clinical diagnosis was confirmed The first piece removed resembled 
a fibroma with round-cell infiltration , the second piece was diagnosed 
as a round-cell sarcoma , the third piece, removed from a point near the 
attachment of the tumor, showed an adenocarcinoma 

Two mistakes are so frequently made by nose and throat specialists 
that they deserve special mention 

1 The mistake is made of removing a small piece of a nasal or 
nasopharyngeal tumor and accepting the microscopic report of the 
pathologist as the true diagnosis of the clinical condition, without taking 
into consideration the clinical data and the results of statistical studies 
regarding the age and sex incidence of the various types of new growths 
m the nose For example, a vascular, cellular fibroma is the common 
tumor of the nasopharynx in males from 10 to 20 years of age It 
is rare m females at any age The lymphosarcoma, in adults, is a 
common tumor of the nasopharynx but rarely occurs as a primary 
growth in the nose The spindle-cell and the fibrosarcoma are the most 
common of the malignant tumors arising in the nose According to the 
statistics of J A Watson, 12 Klein, 13 Sonnenschein 14 and Oppikofer, 0 
sarcoma of the nasal cavity and of the nasopharynx is almost as fre- 
quent after the age of 40 as it is in younger persons A sarcoma usually 
forms a larger tumor in the nose than does a carcinoma This is due 

12 Watson, J A Sarcoma of the Nasal Passages An Inductive Stud} 
Based on the Records of ISO Cases, Am Med 7 553-SS6, 1904 

13 Klein, H Pathologisch-histologische Studie uber erne seltene Com iina 
tion von Sarkom und Carcmom der Nasenhohle, Wurzburg, A Boegler, 

p 33 * i, 

14 Sonnenschein, R Ein langdauernder Fall von Sarcoma nasi, 

f Laryngol u Rhmol 22 528-539, 1909 
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to the fact that carcinomas ulcerate at an early stage Obstruction to 
nasal respiration and ear trouble, due to involvement of the eustachian 
tube, are the earliest symptoms of sarcoma, while pain, due to involve- 
ment of some branch of the trigeminus, difficulty m opening the mouth, 
enlarged glands of the neck and bleeding are early symptoms of car- 
cinoma Glandular metastases appear late m nasal tumors A sarcoma 
of the nose or antrum may persist for months or even years and reach 
an enormous size without involvement of the cervical lymph glands, 
while the first evidence of a carcinoma or of a lymphosarcoma of the 
nasopharynx is often the rapid and painless increase in size of the deep 
cervical glands at the angles of the jaw Only fourteen of our twenty- 
six cases of sarcoma of the nasopharynx have palpably enlarged glands 
of the neck, while m thirteen of our sixteen cases of carcinoma, 
metastasis to the neck is a prominent finding One of our carcinoma 
patients had an extensive operation on the glands of the neck on two 
occasions, although the severe pam and the location of the glands 
should have suggested that the primary growth was m the nasopharynx 
In another case, blood stained discharge from the nose and mouth and 
a tremendous enlargement of the cervical glands were the only symp- 
toms of a primary carcinoma of the nasopharynx The size of the 
glands may be noted in Figure 19 The primary growth m this case 
never reached a size sufficient to cause nasal obstruction or a change 
m the character of the voice It is of interest to note that this patient 
received tuberculin treatment for several months on the assumption that 
the glands were tuberculous The true nature of the malady was only- 
recognized when an examination of the nasopharynx revealed a small 
ulcerated growth, and a gland was removed from the neck for micro- 
scopic diagnosis New 35 has recently published, from the Mayo Clinic, 
two important papers on the symptoms of nasopharyngeal tumors and 
the mistakes that are made in the early diagnosis of tumors arising in 
this area He reports seventy-nine cases , thirty-four were epitheliomas 
and thirty-three lymphosarcomas The symptoms were referable to the 
eye in twenty-one , to the ear in twenty-nine , to the nose and pharynx 
in thirty-eight, to the glands of neck in fifty-one, to the gasserian 
ganglion m four, to the jugular foramen in two, and to the intracranial 
cavity in ele\ en cases It is especially instructive to note that, of these 
sevent) -nine patients, sevent)-four had had an operation for the relief 
of symptoms without recognition of the fact that a primary growth 
in the nasopharynx was the cause of these symptoms In twenty-four 

^ ''' c " G b Sindrome of Malignant Tumors of the Nasopharynx, 
I \ M 79 10-14 (Jul\ 11 1922 The Relation of Xasophanngeal Mahgnancv 
to Other Diagnosis Minnesota Med 4 419-422 (July) 1921 
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patients, the tonsils and adenoids had been removed , in eighteen, the 
glands of the neck, in twelve, the third molars had been extracted, 
various mtranasal operations had been performed in nineteen, and a 
mastoid operation had been performed for the relief of pain that was 
due to the growth and not to infection, in one case 

2 The second mistake is that of removing a tumor of any kind 
from the nose or nasopharynx and discarding the tissue without a 
gross or microscopic examination One of our patients, a woman, 
aged 33, was admitted m October, 1915, with a history of nasal obstruc- 
tion for four years “Polypi” had been removed from the nose ever) 
two or three months from 1912 to 1915 During the early part of 
1915, the operations were necessary every month, and later every week 
The tissue removed at the various nasal operations was not saved, and 
no microscopic examination had ever been made prior to her admission 
here m October, 1915 The growth proved to be a very cellular angio- 
sarcoma, and death resulted from intracranial invasion We have had 
two other patients in whom a lymphosarcoma was not recognized for 
several months after the appearance of clinical symptoms because 
the tissue removed from the nasopharynx was discarded without 
examination 

The result of radium treatment in the various types of sarcoma 
is given in Cases 5 to 33, inclusive The point we wish to emphasize 
now is that every growth removed from the nose and throat should be 
investigated, grossly and microscopically, but, on the other hand, the 
diagnosis of such growths should not be based on the microscopic 
appearance of a small fragment, without taking into consideration all 
of the clinical and laboratory data that are available 

It is doubtful, indeed, whether the removal of a piece of a tumor 
for diagnosis is ever a justifiable procedure We have removed tissue 
for a microscopic diagnosis m nearly every case included in this report, 
because we wished to study the reaction of the various types of new 
growth to radium It is possible, however, that incomplete operative 
removal or even the removal of a small fragment, either before or 
during the irradiation, is responsible for the reappearance of the growth 
in some distant part of the body If the growth is a very vascular 
sarcoma or a true angioma, the deleterious effect of a partial remora 
is apparent in the increased frequency and severity of the hemorrhages 
In the majority of our cases of sarcoma, angioma and fibroma bleedin & 
was not a prominent symptom until a portion of the growth had been 
removed After the nasal operation, however, the growth becomes 
infected, and hemorrhages are severe and frequent We hare seen 
patients with a benign angioma in the nose who bad all of the chnica 
symptoms of an advanced malignant growth The history of the e 
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patients is that they have noticed difficulty in breathing through the 
nose or a feeling of fulness in the ear They consult a physician who 
discovers the growth and attempts its removal After this hemorrhages 
are frequent The tumor becomes infected , the nose is filled with a 
purulent discharge containing saprophytic spirochetes and organisms 
of all kinds , the glands of the neck become enlarged, and the cachectic 
condition of the patient is due to the loss of blood, to the local infec- 
tion and to the digestive disturbances that are secondary to the long 
continued swallowing of the purulent discharge 

In our series of twenty-seven cases of sarcoma m which the naso- 
pharynx was involved, the tumors are classified as follows lympho- 
sarcoma, 10 cases , spindle cell sarcoma, 2 cases , myxosarcoma, 3 cases , 
angiosarcoma, 5 cases, round-cell sarcoma, 3 cases, alveolar sarcoma, 
1 case, fibrosarcoma, 1 case, osteosarcoma, 1 case, and no microscopic 
diagnosis, 1 case 

LYMPHOSARCOMA 

The earliest symptoms in the ten cases that we have included in the 
lymphosarcoma group were (1) disturbance of hearing in four cases 
due to obstruction of the eustachian tube, (2) difficulty in breathing 
through the nose m two cases, (3) enlarged glands of the neck in four 
cases , (4) sore throat for four months m one case Pam due to 
involvement of the trigeminus was present m two cases, the second 
division m one, the second and third divisions in the other It is 
worthy of note that, in two cases, the growth appeared within three 
weeks after the operative removal of the tonsils and adenoids One of 
these patients, a girl, aged 2 y 2 years, had a history of frequent colds and 
of having been a “mouth breather” since infancy A swelling was 
noticed in the soft palate and the lateral wall of the pharynx two weeks 
after the operation We saw this patient for the first time about a 
month after the tonsillectomy, and the microscopic appearance of the 
giowth is shown in Figure 8 In the second case, a girl, aged 10 y 2 
jears, the tonsils and adenoids had been removed because of pam and 
swelling of the left knee and of the right shoulder, although there was 
no histor) of an infection of the upper respiratory tract The rapid 
enlargement of the glands at the angle of the jaw on the left was the 
first indication of the growth When we first saw this child, four weeks 
after the tonsillectomy, the soft palate and lateral wall of the pharynx 
on the left were imolved There were no normal landmarks m the 
nasopharynx It is unfortunate that m both of these cases the tonsils 
and adenoids removed at operation were not saved for microscopic 
examination 

Detailed data concerning the treatment and results m each of these 
ten cases are given m the reports of Cases 15 to 24, inclusive 
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angiosarcoma 

The next largest group, angiosarcoma, consists of five cases The 
orbit was invaded by the growth m two patients m this group, but 
these two and a case of lymphosarcoma are the only instances m our 
entire series of twenty-seven cases of sarcoma m which this compli- 
cation was present Frequent and severe nasal hemorrhages were a 
prominent symptom in three cases One of these patients, however, 
had two nasal operations, and the bleeding was possibly due to secondary 
infection of the tumor Unilateral nasal obstruction was the earliest 
symptom m three cases and suggests that the growth originated in the 
nose and involved the nasopharynx secondarily Only one of the 
patients m this group had metastases in the glands of the neck The 
eustachian tube was involved m one case 

A detailed report of the symptoms, method of treatment and result 
m the cases classified as angioma and angiosarcoma is given in the 
reports of Cases 5 to 14, inclusive 

MYXOSARCOMA 

The myxosarcoma group includes three cases We have classified 
these tumors as myxosarcoma because they are clinically malignant, 
and, although very cellular, the individual cells are widely separated 
by loose poorly staining interstitial material Photomicrographs of two 
of these cases are shown in Figures 10, 11 and 12 Nasal obstruction 
as an early symptom was present m each of these cases, and suggests 
that the growth arose in the nose In one case, the growth involved 
the antrum and later broke through the haid palate There -were no 
metastatic glands in the neck, no involvement of the orbit or cranial 
cavity and no history of bleeding in any of these three cases 

The growth was removed by surgical operation in one case, but 
the patient died within twenty-four hours with symptoms of shock 
The two remaining cases were treated with radium alone 

Ca.se 27 — A bo 3 % aged 16 years, reported that the first sjmptom was nasal 
obstruction on the left, one and one-half years before admission The onset 
of this symptom followed a severe coryza The child had never had an illness 
of any kind, with the exception of measles and whooping cough On admission, 
the posterior half of the left nostril and the entire nasopharynx were fille 
with growth The nasal septum was pushed to the right, thus occluding the rig it 
nostril The growth had not perforated the septum From the examination, it 
seemed probable that the growth had originated in the left middle turbinate 
or in the mucous membrane just below it 

The radium treatment consisting of 83,000 millicurie hours of gamma rac ia 
tion was applied externally to both sides of the head at a distance of ro | ri 
2 to 5 inches, 1,800 millicurie hours of gamma radiation was applied direct' 
to the surface of the growth, and two capillary glass tubes, each containing 
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millicuries of radium emanation, were implanted into the growth in the naso- 
pharynx This treatment caused a burn that resulted in a perforation of the 
soft palate, but caused no apparent injury to the brain, hypophysis or the 
eustachian tubes There was very little, if any, decrease in the size of the 
growth during the first vear of radium treatment After this, the tumor began 
to ulcerate, and two \ ears later had entirely disappeared from the nasal passages 
and from the nasopharynx The patient w^as in good health in 1921 and weighed 
126 pounds (57 kg ) 

In the remaining case (Case 29) there was an extensive growth 
that, on admission, involved the antrum and the hard palate The 
growth was apparently not affected by the three heavy internal irradi- 
ations of 46,500 millicurie hours at a distance of from 5 to 6 inches 
(12 5 to 13 cm ) that he received during a period of ten weeks Soon 
afterward, the growth appeared under the malar arch, and the treatment 
was discontinued This patient is dead 

Our experience has shown that myxomatous tissue is very resistant 
to radium The benign myxomatous polyp that often appears m the 
nose in association with a pyogenic infection of the accessory nasal 
sinuses will not disappear after the surface application of beta or 
gamma irradiation We have not implanted capsules of emanation 
into benign polyps We mentioned above the experiences of the Mayo 
Clinic in the treatment of myxomatous nasal polyps with radium 
Lyons 3 concludes that radium treatment may stimulate the production 
of fibrous tissue and thus transform a mjxomatous polyp into a fibro- 
myxoma The more fibrous tissue a polyp contains the less tendency 
it has to recur after surgical removal Until we know more concerning 
the effects of irradiation on the surrounding tissues, such as the retina, 
vessels of the orbit, optic nerve and base of the brain, it does not seem 
justifiable to employ radium m anything but the inoperable tumors in 
this region 

The data m legarcl to the other types of sarcoma m our series — the 
duration of the growth, the clinical symptoms and the result of treat- 
ment — are gnen in Cases 25 to 33, inclusive In our experience, the 
spindle-cell, round-cell and nuxomatous sarcomas are less favorable for 
radium treatment than are the more vascular t}pes 

CV.XCER 

We include in this group sixteen cases that have been observed 
during the last twelve vears The diagnosis of cancer was confirmed in 
e\er\ case bv the histologic examination of a fragment of the growth 
Lien patient m this group is dead Six had definite evidence of 
intracranial invasion, ten had frequent and severe hemorrhages from 
the mouth or nose or a lustorv ot a bloodv discharge, thirteen had 
metastases to the glands of the neck and in nine instances there was 
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such a marked fixation of the jaw that the patients were unable to take 
solid food These are the outstanding clinical symptoms in carcinoma of 
the nasopharynx, and they differ markedly from the symptoms caused 
by the sarcomas or any of the benign tumors that involve this region 
These symptoms of cancer, however, are the late manifestations of 
the growth, and, when they are all present, the condition is too far 
advanced for a cure by any method 

We have carefully gone over the history of each of these sixteen 
patients in order to tabulate the earliest symptoms of carcinoma of 
the nasopharynx 

1 It is noteworthy that in two patients a constant discomfort and 
soreness of the throat were the first symptoms It is difficult to secure 
accurate data as to how long the sore throat had been present before 
the other evidences of a new growth became evident, but certainly 
an early carcinoma should be considered in the differential diagnosis 
of the cause of a slight soreness in the nasopharynx and pharynx that 
persists for several weeks The other common causes of a persistent 
sore throat are (1) the secondary and tertiary lesions of syphilis, (2) 
the tuberculous ulcerations of the pharynx secondary to a pulmonary 
infection, or (3) the primary tuberculous lesions of the lymphoid tissue 
m the tonsils or the nasopharynx that do not ulcerate and that can 
but rarely be recognized until the tissue is removed for microscopic 
examination or the glands of the neck become involved, (4) infection 
with Vincent’s organisms, and (5) a chronic pyogenic infection of 
the tonsils and adenoids 

2 In seven patients, the first symptom of the carcinoma in the 
nasopharynx was impairment of hearing, a feeling of fulness, and 
later pam and discharge from one ear These symptoms are due to 
the fact that the growth originates near the pharyngeal orifice of one 
of the eustachian tubes In three of these seven cases, the patient first 


consulted an otologist on account of a feeling of fulness in one ear or 
impairment of hearing In each case, the symptoms were treated from 
two to seven months, and the primary condition in the nasopharynx 
was not recognized until the involvement of adjacent nerves, muscles 
or glands made the diagnosis evident The failure to recognize these 
nasopharyngeal growths at an early stage is due to careless and ineffi- 
cient methods of examination A reflex cough and an irritable pharynx 


are often early symptoms of a growth m the posterior part of the nose 
or nasopharynx, whether the tumor is due to a benign hypertrophy of 
the posterior end of the turbinates or is malignant This irritability 
of the pharynx makes it difficult to use a pharyngeal mirror, and many 
larymgologists and otologists are either too busy or too impatient to 
anesthetize the pharynx with cocain or to inspect the nasopharynx wit 1 
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an electrically lighted nasopharyngoscope There is little prospect of 
ever curing a carcinoma of the nasopharynx with either radium or 
operation if the growth is not recognized before the adjacent tissues 
have been invaded 

3 Recognizable metastases to the glands appear late m nasal tumors, 
while in primary nasopharyngeal growths enlarged glands near the 
angles of the jaw appear early In one of the patients in this series, 
the glands of the neck had been removed on two occasions before the 
primary growth in the nasopharynx had reached a size sufficient to 
direct attention to this region In another patient (Fig 19), the 
enlarged glands were for several months regarded as evidence of tuber- 
culosis or Hodgkin’s disease, and their true nature was not suspected 
until tissue was excised for diagnosis The slight but persistent sore 
throat and the occasional bleeding in this case were, for the period of 
a year, the only symptoms of the primary nasopharyngeal growth In 
a third case, the only symptom for a period of three months was an 
enlarged gland near the angle of the jaw on the left, and the first indica- 
tion of a nasopharyngeal lesion was a gradually developing stiffness 
of the jaw and inability to open the mouth A possible explanation 
of the rapid enlargement of the metastatic glands in the neck, while the 
primary nasopharyngeal cancer does not become large enough to cause 
obstruction to breathing, is the tendency of the carcinomas of the 
mucous membrane in this region to ulcerate as rapidly as they grow 
The sarcomas of the nasopharynx, on the other hand, usually grow 
rapidly, do not ulcerate unless injured and cause obstruction to breathing 
at an early stage 

Dr G B New, 10 in a recent review of forty-six cases of malignant 
tumor of the nasopharynx observed at the Mayo Clinic, found that in 
twenty-two of the forty-six cases there were no symptoms referable to 
the nose or throat On account of the variability of the symptoms, 
some of the patients had been subjected to various operations and treat- 
ments, such as the extraction of teeth, treatment for syphilis, removal 
of the glands of the neck, paracentesis, mtranasal operations, tonsil- 
lectomy and operation for pituitary tumor The failure to recognize the 
primary growth in the nasopharynx was due to the fact that this region 
■was never examined 

In Cases 34 to 49 inclusive, the symptoms and the objective findings 
m each of our sixteen cases of carcinoma of the nasopharynx are 
i ecorded Many of these symptoms, houe\er, are the late manifesta- 
tions of the gronth, and, when they are present, there is little hope of 
effecting a cure with any methods of treatment 


16 iSe\\ G R Footnote 16 second reference 
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COMMENT 

There is an extensive literature on the subject of nasal and naso- 
pharyngeal growths , 17 but very little has been wntten in regard to their 
treatment with ladium In this paper we have said but little about 
the detailed technic of irradiation Radium as a therapeutic agent is 
more dangerous than the roentgen ray, and should be employed only by 
those who, in addition to then medical education, are thoroughly familiar 
with physics and higher mathematics A large clinical experience and 
a careful correlation of dosage, method of application and result, in 
the various types of new growths, are essential for the training of a 
ladiologist For example, it is conceivable that a physician or surgeon, 
untrained m biophysics, might advise a patient with a localized 
lymphosarcoma in the throat to have prophylactic irradiation of the 
mediastinum, abdomen and the glands in the axilla and groin, but a 
physicist would recognize immediately that such a plan of treatment 
would result in profound changes in the blood and probably hasten 
the death of the patient 

Radium treatments in all of our cases have been planned and 
executed by Dr Curtis F Burnam of the Howard A Kelly Hospital 
m Baltimore The amount of radium used and the method of applica- 
tion m our cases are given in the tables, but we do not feel competent 
to discuss the details of these treatments 

We have mentioned above the difficulties of classifying these nasal 
and nasopharyngeal tumors by the microscopic examination of a 
small fragment of the growth It is sometimes impossible to differ- 
entiate a sarcoma from a carcinoma, an angioma from an angio- 
sarcoma , or a cellular fibroma from a sarcoma For this reason, we 
have reported our cases at length, giving the age, sex, duration 
of symptoms, clinical findings, treatment and end-result The diagnosis 
of the type of tumor may be incorrect in several instances, but we 
have attempted to present these cases from a biologic point of view, 
and believe that the accumulation of sufficient data of this kind will be 
a great aid to the clinician 


17 The most instructive articles are those of Heymann, Kummel an 
Mikulicz in Heymann’s Handbuch fur Laryngologie , Harmer and Glas ( |C 
malignen Tumoren der inneren Nase TEine klinische histologische Stu >e - 
Deutsch Ztschr f Chir 79 433-539 1907), Marschik, Oppikofer, Berthok 
Muller (Zur Pathogenese und Therapie der Nasenrachenfibrome Ztschr 
Ohrenh 70 145-179 1914), Poliak (Ueber die “endothehalen" Geschn ulste der 
Nase und lhrer Nebenhohlen Arch f Larvngol u Rhinol 25 383-400, 1 ' 

T A Watson, G B New, and Schmiegelow (Emige Beobachtungen hinsicit > 
der Wirkung des Radiums auf inoperable maligne Neubildungen im 11 un 
Rachen und m der Nase Arch f Larvngol u Rhinol 33 1-18, 1 - 
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One outstanding result of the radium treatment of these cases is 
the high percentage of cures m the vascular tumors In such an 
inaccessible region as the nasopharynx, the large vascular tumors are 
not suitable for surgical removal, but if untreated, they not only become 
infected, ulcerate and bleed profusely, but may destroy the neighboring 
structures b) pressure, and grow into the orbit and intracranial cavity 
Clinically, this type of tumor, although it may not metastasize, is as 
serious in its consequences as a malignant growth Although these 
vascular tumors do not disappear so rapidly after irradiation as do some 
other types, for example, lymphosarcoma, the end-result is much better 
A large lymphosarcoma with metastatic glands in the neck may dis- 
appear entirely within a few weeks after the first radium treatment, 
while a hemangioma of the same size may require four or five years 
to effect a cure We have at least two patients who had myxosarcoma 
involving the nose and nasopharynx that are well The microscopic 
appearance of this tumor is shown in Figure 10, and, by referring to 
Cases 27 and 33, it will be seen that tremendous irradiation, extending 
over a period of several years, has been necessary to effect a cure 

No case of carcinoma of the nasopharynx in this series has been 
cured , but, in man) cases, the symptoms have been ameliorated 
In some instances the rapid decrease in size of the primary growth 
leads us to believe that the unfavorable outcome is due to the fact that 
these patients do not apply for treatment until metastases have occurred 
It is important for the medical profession to know that tumors m 
the posterior part of the nose and in the nasopharynx are not uncom- 
mon, and that their earliest symptoms may be referable to the ear, the 
eye, the glands of the neck or to the area of distribution of some branch 
of the trigeminal ner\e The recent publication of New from the Mayo 
Clinic is very instiuctne During the last six years, he has observed 
seventy-nine patients with a malignant growth m the nasopharynx, and 
he states that sevent)-four of these patients had had an operation of 
some kind for the relief of symptoms without recognition of the 
primary growth m the nasophar>nx 

REPORT OF C'tSES 

FIBROMA OF THF \ASOPH\R\N\ 

Case 1— f/ufon — \ white bo> aged 15, was admitted m March, 1920, com- 
plaining of inabihtx to breathe through the nose, the onset of which had occurred 
four \ears prcxiouslx Scxeral pieces of growth had been removed b> his home 
pin sician, three a ears prexiouslx but none of this tissue was axailable for 
microscopic examination Frequent and sex ere hemorrhages had occurred dur- 
ing tiie prcxious three xears \ swelling had been present on the right side of 
the face lor two xears, also tinnitus in the right ear 
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Examination — The Wassermann reaction was negative No metastatic glands 
were discovered in the neck The growth, which had originated in the naso- 
pharynx, had grown into the right nostril, ethmoidal sinuses and antrum, caus- 
ing swelling on the right side of the face There had been no loss in weight 
The growth in the nasopharynx was smooth and soft The hard palate protruded 
into the mouth 

Diagnosis — No tissue was removed on account of the history of seiere hem- 
orrhages The clinical diagnosis was fibroma 

Treatment — Intensive irradiation was used, March 4 and Sept 3, 1920, a 
total of 42,600 me hours of gamma radiation at a distance of 5 inches being 
employed over the right side of the face Eleven milhcunes of radium emana- 
tion was implanted in the growth in glass capillary tubes 

Com sc — September, 1920, the growth had increased in size, filling the naso 
pharynx and the right side of the nose The septum was pushed over to the 
left, thus occluding the left nostril The growth was sloughing at the site of 
implantation of the radium The glands of the neck were not enlarged 

Case 2 — Histoiy — A white boy, aged 16, was admitted m October, 1919, 
complaining of inability to breathe through the nose and bleeding The 
adenoids had been removed a year previously, but none of this tissue was 
available for microscopic examination Frequent and severe hemorrhages had 
occurred during the past year A growth, which had been discovered in both 
sides of the nose, ten months previously, had been partially removed, followed 
by a severe hemorrhage This impaired the hearing m both ears, but the 
impairment was worse m the left 

Examination — The Wassermann reaction was negative No metastatic glands 
were discovered m the neck There was no pain There was a bloody dis- 
charge from the nose A huge growth was found in the nasopharynx pushing 
the soft palate forward, causing difficulty m breathing through the mouth at 
night and complete nasal obstruction The orbit, intracranial cavity and antrums 
were not involved 

Diagnosis — No tissue was removed on account of the history of a severe 
hemorrhage The clinical diagnosis was fibroma 

Ti eatment — Between Oct 25, 1919, and June 23, 1920, the patient received 
intensive radium treatment from the outside, directly against the tumor in the 
nasopharynx and by implantation, a total of 40,900 me hours of gamma radia 
tion was applied over the outside, at a distance of 4 inches Seven hundre 
and fifty millicurie hours of gamma radiation was employed against the tumor 
m the nasopharynx, and 23j4 me of radium emanation, in glass capillary tubes, 
containing from 1 to 3 me each, was implanted into the tumor 

Comse — November, 1919, there was considerable irritation due to the radium 
and severe pain The growth had decreased in size 

December, 1919, the growth was invisible m the mouth, but the nose an 
nasopharynx were still filled with the growth 

January, 1920, there had been no decrease m the size of the growth uring 

the previous month . 

June, 1920, the growth had become smaller, allowing a little breathing t !r0 ^S 
both sides of the nose The hearing was normal There were no hea ac es 
no pam or fixation of the jaw There w r ere no enlarged glands m t le n 
A ver\ seiere hemorrhage occurred a few' dajs prewouslv 
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Case 3— Hisloiv—R white boy, aged 18, was admitted in June, 1915, com- 
plaining of nasal obstruction, but with no headache or bleeding 

Erawmation — The Wassermann reaction was negative A large, soft, pink 
mass had originated in the left side of the nasopharynx and had grown into 
the nose posteriorly on the left There were no eye or ear symptoms, and the 
glands m the neck were not enlarged 

Diagnosis — The clinical diagnosis was fibroma 

Tiea/wenf— Between June 25, 1915, and June 29, 1916, the patient was given 
five rather intense intranasal irradiation treatments and heavy treatment from 
the outside, with a total of 1,250 me hours of gamma radiation An external 
irradiation, consisting of 1,000 me hours, was employ ed at a distance of 2 inches, 
over the left side of the face 

Com sc — December, 1915, the growth was much smaller Breathing was 
well established m both sides of the nose There was still a small growth in 
the nasopharynx and in the posterior half of the nose on the left There was 
no bleeding or ulceration 

June, 1916, there was still a small growth, but breathing was good There 
were no subjective symptoms 

March, 1917, the growth had entirely disappeared, and the general health 
was excellent 

Case 4 — Htstoiy — A white man, aged 20, was admitted m January, 1918, 
complaining of nasal obstruction, with bleeding from the nose and the mouth 
The adenoids were removed in April, 1917, but no microscopic examination had 
been made of this tissue A growth had been discovered in the left side of 
the nose and nasopharynx, two months later A piece was removed and diag- 
nosed as sarcoma 

E\anunaiion — The Wassermann reaction was negative No metastatic glands 
were found m the neck There were no ear symptoms and no headache The 
differential blood count was normal The growth occupied the left side of the 
nasopharynx and the anterior w r all of the sphenoidal sinus on the left 

Diagnosis — The clinical diagnosis was fibroma 

Ticatnicnt — The report of the radium treatment was lost from the histon 
but the amount of irradiation w'as approximately the same as in Case 3 A 
portion of the grow'th m this case w r as remoied, and, on one occasion, 542 me 
of radium was applied directh in the wound for eleven minutes 

Com sc — Mai, 1918, there had been no bleeding since the first radium treat- 
ment The patient had gained 20 pounds during the previous three months 
There was a crater-like depression in the region formerly occupied by the 
growth 1 he area was now T coiered with a normal appearing mucous membrane 

December, 1918, the patient was well, and there was no recurrence 

Tune 1921, the patient was well and there was no recurrence 

\NGIOM \ VXD WGIOS 1RCOM \ OF THE X \SOPH \R1 XX 

C\si 5 — Histoi \ — A white woman, aged 28, was admitted m May 1913, 
complaining ot tinnitus with an impairment oi hearing on both sides, ot two 
weeks’ duration 

Liammation — The Wassermann reaction was negatne There had been no 
histon of bleeding There were no enlarged glands oi the neck A large firm 
growth occupied the cn ire nasopharinx obscuring both eustachian tubes with 
a middle ear tipe of deafness 
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Diagnosis — The clinical diagnosis was hemangioma ( Fig 3) 

Treatment — The patient received no radium treatment The growth was 
removed after splitting the soft palate About 0 5 cm of the right eustachian 
orifice was removed with the growth, with no subsequent dilatation of the tube 
There was very little bleeding during the operation, and no postoperative bleeding 

Cow sc February, 1921 (nearly eight years after the operation), the patient 
was perfectly well, and there was no evidence of any recurrence The voice 
was normal The hearing, also, was normal on both sides The orifices of both 
eustachian tubes were open, and the orifice of the right tube w'as of about 
normal size 



Fig 3 — Angioma originating under mucous membrane of nasopharynx in a 
woman, aged 28, no history of bleeding, operative removal, no radium, 
eight years later 


Case 6 — History — A white man, aged 33, was admitted in September, » 
complaining of a nasal obstruction of ten years’ duration, epilepsy of four 
duration and frequent and severe nasal hemorrhages The patient ha 
numerous nasal operations during the last nine years, which were alwajs 
lowed by severe hemorrhages 

Examination — The Wassermann reaction was negative There w erc " 
enlarged glands of the neck and no ear symptoms A growth arose rom ^ 
lateral wall of the right nostril, filling the nasopharynx, and was a ier ™ 
the septum posteriorly The neurologic examination w r as negatne r 
Thomas believed that the patient was suffering from epilepsy 
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Diagnosis —The clinical diagnosis was hemangioma (Fig 5) 

Ticatmcnt — No radium treatment was employed The patient said that he 
had received 200 mg hours before admission, which for a time improied his 
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big 4 — \ngioma occupying the left side of the nose and entire nasopharynx 
m a man, aged 25 showing the large ulcerated area in contrast to Figure 3 
Bleeding was a prominent symptom, radium treatment, patient well four years 
liter 

condition The growth was remoied b\ operation incision was made o\cr 
tlie right antrum, hut the antrum was not lmolted The entire lateral wall of 
th< nose the mucous membrane of the floor of the nose and the posterior half 
of the septum were all returned m one piece The profuse hemorrhage at 
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operation was controlled by packing At one time, blood examination mealed 
erythrocytes, 2, 000,000, leukocytes, 6,500, hemoglobin, 29 per cent Mam of the 
erythrocytes were nucleated The blood pressure was 72 Blood transfusion 
was not performed 

Course — January, 1921 (near!}' eight years after operation) The patient 
has been perfectly well since leaving the hospital There has been no recur- 
rence of bleeding, and he breathes normally through both sides of the nose 
He has not had an epileptic attack since leaving the hospital 



Fig 5 — Angioma involving entire right nostril and nasopharynx m a man, 
aged 33, history of frequent hemorrhages and epileptic attacks for four \ears, 
operative removal , no radium , severe postoperative hemorrhages, hemog o m 
rose to 29 per cent , well eight years later, no epileptic attacks since operatioi 

Case 7 — Histoiv — A white man, aged 25, was admitted m February 1917, 
complaining of a nasal obstruction on the left side, with frequent hemorr iage^ 
from the mouth and the nose, of about four years’ duration There ha ee 
no headaches and no ear symptoms ^ 

Examination — The Wassermann reaction was negative A growth filled t^e 
posterior half of the left nostril and the entire nasopharynx There " erc 
enlarged glands in the neck There was a history' of nasal operation, 
years previously, which was followed by a severe hemorrhage and a r 
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recurrence of the growth A piece of the growth was remored for microscopic 
examination, and se\ere bleeding followed A roentgcn-ra\ examination of the 
chest revealed nothing abnormal 

— The clinical diagnosis was hemangioma (Fig 4) 

Ti catmcnt — Between Feb 27, 1917, and April 16, 1917, the patient had 
received heavj external irradiations and a mild irradiation m the posterior 
pharjnx The external treatment consisted of 60,800 me hours of gamma 
radiation, being emploied at a distance of 3 inches, and distributed o\er both 
sides of the face and both sides of the nose The mtranasopharwigeal treat- 
ment consisted of 250 me hours of gamma radiation emploied dircctlj against 
the growth in the nasopharynx In this case also, the hemorrhages from the 
nose and the mouth stopped lfter the first irradiation, and ne\er recurred 
Coin sc — March, 1917, the patient had marked h nnproted and could breathe 
much better There had been no recent bleeding 

April, the growth had entirely disappeared from the left side of the nose, 
but there w r as still a considerable mass of tumor m the nasopharuix 

February, 1921, the patient had free breathing space on both sides and had 
been wmrking regularly since June, 1917 ko bleeding recurred, and there was 
no eudence of the growth m the nose or nasopharuix 

Case 8 — Histoii, — A white \outb, aged 19 was admitted in Januan, 1917 
complaining of a nasal obstruction on the right, of three months duration, with 
severe bleeding from the nose and mouth He had no headache and no ear 
symptoms 

Examination — The 'Wassermann reaction was negatne A growth filled the 
nasopharynx and the posterior part of the nose on the right, pushing the septum 
over and causing a partial obstruction on the left There was no eudence of 
metastases in the neck The neurologic examination was negatne 
Diagnosis — The clinical diagnosis was angiosarcoma 

Ti catmcnt — 'Between Jan 26, 1917, and Feb 18 1919, the patient had received 
intensive irradiation, a total of 77,200 me hours of gamma radiation being 
employed at a distance of from 3 to 4 inches, centered over the right side of 
the face He had also received 600 me hours of gamma radiation applied 
directly against the growth in the posterior wares The cessation of the nasal 
hemorrhages was very striking in this case Jan 24, 1917, the hemoglobin was 
58 per cent , one month later, it was 78 per cent During this oeriod, irradia- 
tion was the only treatment that the patient received 

Couise January, 1917, persistent and severe nausea occurred after the 
irradiation 

April, 1917, the patient was able to breathe through both sides of the nose, 
but the growth was still visible m the nose and the nasopharynx The weight 
was 140 pounds, which was a gain of 6 pounds during the past month The 
general health was excellent 

November, 1918, there was a marked improvement A small amount of the 
growth was still attached to the posterior part of the septum, as well as between 
the posterior end of the middle and inferior turbinate on the right Both of 
the eustachian tubes were clear for the first tune There was still a little 
growth in the left fossa of Rosenmueller 

February, 1919, there was no evidence of metastases, but there remained a 
small piece of growth in the posterior end of the inferior turbinate region on 
the right 

January, 1922, the patient wrote that he w'as in the best of health 
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Case 9~Htstoiy~A white boy, aged 18, was admitted in March, 1918, com 
plaining of a chronic nasal discharge since infancy There was a historj of a 
nasal operation, eighteen months previousl}, which was followed by a severe 
hemorrhage The entire nasopharynx was filled with a growth which pushed 
the septum over, causing a complete nasal obstruction on the left 

Eiatnnta/toii — ' The Wassermann reaction was negative The growth appar- 
ently had originated in the left side of the nose, and involved the entire naso 
pharynx It had eroded through the hard palate on the left, but not through 
the mucous membrane No metastatic glands were found Bleeding had been 
a prominent symptom Aside from a secondary anemia, the general physical 
examination was negative There was no history of headache or pain 
Diagnosis — The clinical diagnosis was hemangioma 
Tnatmcnt — Between March 30, 1918, and Aug 9, 1919, the patient received 
very heavy external irradiations and also moderate internal irradiations The 
external irradiations consisted of 66,700 me hours of gamma radiation employed 
at a distance of 4 inches, distributed over both sides of the face and neck The 
mtranasopbaryngeal treatment totaled 700 me hours of gamma radiation 
Oct 15, 1919, one needle point containing 4 me of radium emanation was 
implanted in the growth in the nasopharynx 

Coitise — April, 1918, the patient was able to breathe through the right side 
of the nose, for the first time in a year 

October, 1918, the patient could breathe through both sides of the nose 
The giowth in the hard palate had not progressed 

January, 1919, the general condition was excellent, and the patient was able 
to breathe fi eely through the nose There were no enlarged glands in the neck 
April, 1919, the growth in the nose was limited to the posterior half of the 
middle turbinate and the space between this and the inferior turbinate 

October 1919, the genera! condition was excellent The growth still 
remained m the posterior part of the nose on the left and in the nasopharynx, 
but there was no obstruction to breathing There had been no bleeding during 
the previous year, and no metastatic glands were found 

Case 10 — Histo >\ — A white woman, aged 47, was admitted in April, 1915, 
complaining of frequent and severe hemorrhages, eighteen months previously, 
also of a nasal obstruction on the right 

E vaimnation — The Wassermann reaction was negative The adenoids had 
been removed thirty years previously The general health had been excellent 
until the bleeding began, one and one-half years previously The growth appar 
ently originated from the region of the right middle turbinate, filling the entire 
nasopharynx No metastatic glands were found, and the patient had no hea 
ache A roentgen-ray examination of the chest was negative The nature o 
the growth was recognized in New York, in March, 1914, and the patient was 
told that there was no hope for a cure by operation, but the use of radium was 
suggested 

Diagnosis — A microscopic diagnosis proved the growth to be angiosarcoma 
T) eatment — The patient received intensive irradiation between March 29, 
1915, and Oct 11, 1916, a total of 27,800 me hours of gamma radiation being 
employed at a distance of 2j4 inches over the right side of the face ie . a ^ 
received 500 me hours of gamma radiation directly against the s ^ c 

the right nostril The patient reported regularlv, and after Oct 11, 
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received several other radium treatments over the right side of the neck, which 
were given to reduce the adenoma of the thyroid, not affecting the condition m 

the nasopharynx 

Cout sc— April 10, 1915, there had been no bleeding during the previous week, 
which was very unusual The patient could breathe through the right nostril 
freely, for the first time in months 

April 21 a metastatic growth had just appeared at the inner angle of the 

orbit on the right, measuring 1 5 be 0 75 cm 

July, 1915, the general health was excellent with no further bleeding There 
was no growth to be seen m the nose, in the nasopharynx or at the inner angle 
of the orbit No enlarged glands were found 

October, 1915, there was a recurrence of the growth in the entire region of 
the middle turbinate on the right and at the inner angle of the orbit The naso- 
pharynx w'as free from growth There were no enlarged glands 

November, 1915 there was no evidence of the growth m the nose, naso- 
pharynx or orbit 

April, 1916, a second recurrence of the growth was found m the right nostril 
October, 1916, the nose, nasophannx and orbit were free from am eudcnce 
of the growth, but there were dense adhesions m the upper part of the right 
nostril 

May, 1917, there was no evidence of am recurrence of the growth, and the 
general health was excellent 

August, 1920, the patient was perfectlv well in eserv way 
January, 1922, the patient was healths 

Case 11 — Htstoi\ — A white woman aged 33, was admitted in October 1915, 
complaining of a nasal obstruction of four years’ duration, with frequent and 
profuse bleeding from the nose and throat There had been exophthalmos and 
diplopia on the left “Pohpi” had been remoicd from the left side of the nose 
every two or three months from 1912 to 1915 During the early part of 1915, a 
nasal operation had been necessary even month, and recently', cicry week On 
account of the appearance of exophthalmos, she was referred for radium 
treatment 

Examination — The Wassermann reaction was negative The glands in the 
neck were slightly enlarged on the left The tissue which was removed at 
the various nasal operations had never been examined microscopically until her 
admission in October, 1915 

Diagnosis — The microscopic diagnosis was angiosarcoma 
Tieatment — Intensive treatment was given the patient between Oct 11, 1915, 
and Aug 30, 1916, a total of 40,900 me hours of gamma radiation being employed 
at a distance of from 3 to 4 inches over the outside of both cheeks In addi- 
tion, she received 210 me hours of gamma radiation in the nasopharynx 

Con/ sc bebruary, 1916, the diplopia had disappeared, and the exophthalmos 
was less marked The left side of the nose w'as entirely filled with a soft, 
vascular growth 

August, 1916, the general condition was good and the patient could breathe 
through the left side of the nose for the first time in a year 

September 1, there was a rapid recurrence of the growth both m the nose 
and nasopharynx, and the exophthalmos was also returning rapidly 

September 25, the patient’s physician wrote that she was blind and uncon- 
scious and w-as dying rapidly There was no necropsy 

Case 12 Histoiy A white man, aged 47, was admitted in May, 1912, com- 
p aimng of a severe sore throat as the earliest symptom, nine months previ- 
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ously During the first month, there was a rapid enlargement of the glands 
on both sides of the neck He had difficulty in breathing through the nose, 
with tinnitus and impairment of hearing m the right ear and involvement of 
the third nerve on the right The glands on both sides of the neck had been 
removed, six months previously, at the Newark City Hospital The nose and 
throat were not examined at that time 

Examination — There was no report of a Wassermann reaction At this time, 
there was a recurrence of enlargement of the glands in the neck The naso- 
pharynx and the sphenoidal region on the right were entirely filled with growth 

Diagnosis — The microscopic diagnosis was angiosarcoma 
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and a swelling over the right antrum The patient had had frequent nasal 
colds since early childhood There was no history of headaches, nor of bleeding, 
and there was no metastasis to the glands m the neck 

Examination — The Wasscrmann reaction was negative The general condi- 
tion was good, but the entire nasopharynx was filled with growth, including 
the right nostril and right antrum, not lnvohing the hard palate 

Diagnosis — The microscopic diagnosis was angioma or angiosarcoma 
Ticatment — Between June 21, 1916, and April 28, 1917, the patient had 
received heavy external irradiation over the outside of the right cheek, employed 
at a distance of from 2 to 5 inches, depending on the length of the individual 
treatments The total treatment amounted to 53,300 me hours of gamma radia- 
tion The most marked effect of the radium was the cessation of the spontane- 
ous hemorrhages 

Com sc— June 26, 1916, the first treatment, gnen five days previously, had 
resulted m a marked reduction m the size of the growth in the right nostril 
There was a swelling over the right antrum but the exophthalmos was much 
diminished 

June 28, the patient’s face looked almost norma! 

October, 1916, there was a recurrence of the swelling over the right side of 
the face, and the right nostril was filled with a sloughing tumor mass 

December, 1916, the general condition was improving , but there was no gain 
in weight The right nostril and nasopharynx were filled with growth 

April, 1917, the local condition was about the same as at the last notation 
The general condition was good, and no enlarged glands were found in the neck 
March, 1918, Dr F W Janney reported that there was no evidence of a 
growth in the antrum, orbit nose or nasopharynx The middle turbinate on 
the right was enlarged, but otherwise appeared normal 

Case 14 — Histoix — A white man, aged 26, w r as admitted m February, 1919, 
complaining of a nasal obstruction and a purulent discharge on the left, of three 
years’ duration He had had frequent and severe hemorrhages from the nose, 
and numerous nasal operations had been performed without relief of the 
symptoms 

Examination — The Wassermann reaction was negative There were mod- 
erately enlarged glands m the neck on the left but none were palpable on 
the right The right side of the nose appeared normal, while the left side of 
the nose and the left half of the nasopharynx were filled with growth There 
was no ulceration and no trouble with the ears A roentgen-ray examination 
of the chest proved negative 

Diagnosis — The microscopic diagnosis was angioma 

Ti catment Between Feb 6, 1919, and Aug 20, 1920, the patient received 
very intensive treatments, a total of 22,000 me hours of gamma radiation being 
employed at 4 inches, and 250 me hours of gamma radiation being used directly 
against the growth m the nasopharynx and a total of 1 6j4 me of radium 
emanation in glass capillary points being implanted directly in the growth and 
left This implantation treatment was equivalent to 1,850 me hours 

Com sc February, 1920, the condition m the left nostril and nasopharynx 
was about the same as in Februarj, 1919 There was no evidence of any exten- 
sion of the growth 

June, 1920, the growth had decreased in size, and the patient could breathe 
t irough the left nostril for the first time in four years The enlarged glands 
m the neck on the left had disappeared 
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October, 1920, the patient breathed freely through the left nostril but not 
so well through the right There was still a tumor in the left nostril posteri- 
orly, an d also a globular tumor m the posterior nasopharynx The patient had 
received tremendous treatment, and the result so far had been very good 

December, 1921, there had been no hemorrhages during the past year, and 
the growth had entirely disappeared from the nose and nasopharynx Both 
sides of the nose appeared normal, with the exception of adhesions in the 
upper part of the left nostril The general health was excellent Subjectively 
and objectively, he seemed well 

LYMPHOSARCOMA OP THE NASOPHARYNX 

Case 15 — History — A white man, aged 47, was admitted m March, 1914 
The earliest symptom had been an obstruction of the left eustachian tube The 
ear symptoms were thought to be due to hypertrophied adenoids, and from 
March, 1913, to January, 1914, the “adenoids” were removed five times under 
local anesthesia, but there had been a rapid recurrence Although large masses 
of tissue had been removed from the nasopharynx on each occasion none of this 
tissue had been saved for examination There was complete nasal obstruction 
in March, 1914 Enlarged glands had been found m the neck on the left, near 
the angle of the jaw There had been no history of bleeding and no pain 
Examination — The Wassermann reaction was negative The growth was 
primary in the nasopharynx, it did not involve the nasal cavities, the soft palate, 
the orbit, the cranial cavity or any of the cranial nerves The differential 
blood count was normal There was no general glandular enlargement, and the 
abdominal organs were normal A roentgen-ray examination of the chest was 
normal 

Diagnosis — The microscopic diagnosis was lymphosarcoma (Fig 7) 
Tieatment — During March, 1914, the patient was given very mild radium 
treatment March 4, 20, and 24, a total of 250 me hours of gamma radiation 
was employed in the nasopharynx and 800 me hours was applied over the 
cervical glands, at a distance of 1 inch 

October, 1918, an exploratory operation was performed, and radium emana- 
tion was implanted in eight glass capillary points, in the abdominal growth h' 
addition to the radium treatment, the patient was treated with Fowler s solution 
for four years, according to a definite schedule Every effort was made to 
keep him in the best possible physical condition 

Cow se — March 4, 1914, 600 mg of radium bromid was applied directly m 
the nasopharynx for one hour 

March 9, most of the growth had disappeared , but there was a large slough 
ing area m the nasopharynx The patient could breathe freely through the 
nose for the first time in three months 

May 16, the nose, nasopharynx and eustachian tubes appeared normal, an 
there were no palpable glands in the neck The general condition was excellent 
For the next four years, the patient was examined every six months, and t ere 
never was any recurrence in the nose, throat or glands of the neck He ueigie 
165 pounds , 

October 1918 the patient complained of a slight pain in the abdomen a ^ 
eating, a swelling in the left side of the abdomen, and a loss of 10 poun^ 
during the previous month A large hard mass filled the entire left hal 
abdomen A roentgenogram of the chest revealed that the lungs and the 
astinum were normal 
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October 25, an exploratory incision was made, with the implantation of radium 
points 

November 1, the abdominal tumor had entirely disappeared, i e , it was no 
longer palpable 

November 16, there was a rapid recurrence, and the growth was felt in 
Douglas’ pouch At a second exploratory operation, disseminated nodules 
were found in the abdominal wound, and everywhere in the mesentery No 
treatment was given 

Nov 17, 1918, the patient died Necropsy was not permitted 



Fig 7 — Lymphosarcoma m a man, aged 47, which filled the entire naso- 
pharynx and involved the cervical lymph glands, radium treatment, well for 
four years, growth then appeared in the retroperitoneal and mesenteric glands 
for the first time, disappeared after radium treatment but rapidly recurred, 
growth in nasopharynx and cervical glands never recurred during the four and 
one-half years of observation 

Case 16— Histo) v— A white girl, aged 17, was admitted in November, 1919, 
complaining of a nasal obstruction and a slight pain across the bridge of the 
nose She had been operated on for the removal of tonsils and adenoids in 
June, 1916, which had relieved the nasal obstruction for one year, but it was 
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worse at the time of admission than ever before There was no history of 
bleeding The glands of the neck had not been involved 

Examination — The Wassermann reaction was negative The posterior half 
of the right nostril and the entire nasopharynx were filled with growth There 
was no ulceration All other examinations were negative 

Diagnosis — The microscopic diagnosis was lymphosarcoma 
T > eatment — November, 1919 Between Nov 8, 1919, and Sept 20, 1920, 
the patient received very intensive irradiation, a total of 22,000 me hours of 
gamma irradiation being employed at a distance of from one-half to 3 inches 
over the right and left sides of the face, and 450 me hours of gamma radiation 
being used directly in the nasopharynx 

Feb 26, 1920, the remains of the tumor in the nasopharynx were removed, 
and radium treatment was continued 


Couise — December, 1919, the growth was still present, but was much smaller, 
and the patient was able to breathe freely through the nose for the first time m 
two years 

February, 1920, there was no evidence of the growth m the nose, but it 
was still present in the nasopharynx This was removed at operation 

March, 1920, there was a small nodule of the growth near the right eustachian 
tube, otherwise, the nose and the nasopharynx appeared normal 

June, 1920, there was no evidence of growth in the nose, nasopharynx or 
the glands of the neck The general condition was excellent 

February', 1921, the general health was good, and there was no evidence of 
a recurrence, locally' or elsewhere in the body 

Case 17 — Histoiv — A white woman, aged 35, was admitted in January, 1917, 
with a fractured nose, the result of an automobile accident, eight months pre- 
viously, with an increasing nasal obstruction, and, recently', an impairment of 
hearing on the right and a nasal voice 

Examination — The Wassermann reaction was negative The growth appar- 
ently had originated in the posterior nasal cavity on the right, almost com- 
pletely filling the nasopharynx The orifice of the right eustachian tube could 
not be seen The glands of the neck were just palpable on both sides There 
was no bleeding and no pain 

Diagnosis — The microscopic diagnosis was lymphosarcoma 
Ti eatment — Between Feb 3, 1917, and March 17, 1917, the patient recened 
22,400 me hours of external radiation, employed at a distance of 3 inches over 
the right and left sides of the face, 150 me hours of gamma radiation was used 
directly against the growth m the nasopharynx In addition to the radium 
treatment, the growth was removed under ether anesthesia, and the nasal septum 
was straightened 

Couise — July, 1917, the nose and the nasopharynx appeared normal 
October, 1919, the patient was perfectly well There were no palpable glan s 
m the neck and no evidence of the growth 

October, 1920, the patient was perfectly' well The radium treatment v 
not affect the sahvarv glands 


January, 1922, the patient was well 

Case 18 — History — A white man aged 45, was admitted in Nor ember, 19W 
complaining of an impairment of hearing in the right ear A growth, v> 
was found to be the cause of the ear trouble, had been remored from tie nas 
pharynx in June, 1913, followed bv a rapid recurrence So microscopic s u 
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of the tissue was made and it was assumed to be syphilitic He had been treated 
with silver, potassium lodid and arsphenanun, without any benefit He had had 
a postnasal discharge for fifteen years Operation had been performed on the 
sphenoids, ethmoids and antrums He had severe tonsillitis m Julv, 1913, for 
eight weeks, losing 30 pounds in weight A general enlargement of the glands 
occurred, the cervical and axillary glands on the right being as large as 
hickory nuts 

Eunnviation — The Wassermann reaction of both the blood and the spinal 
fluid was negative The nasopharynx was entirelv filled with growth, pushing 
the soft palate forward and involving the lateral pharyngeal wall on the right 
The right side of the nose was also filled with growth There was no infection 
m the ears, no pain and no bleeding The differential blood count reiealcd 
(1) increase in number of transitionals, 7 6 per cent , (2) increase in number of 
platelets , (3) increase in number of eosinophils, 8 per cent 
Diagnosis — The microscopic diagnosis was lymphosarcoma 
Ti caimcnt — From Dec 9, 1914, to Oct 15, 1915, the patient recencd mod- 
erately heavy external irradiations, amounting to 9 200 me hours of gamma 
radiation employed at a distance of from 1 to 2j4 inches, centered o\er the 
right and left sides of the neck, the right and left axillae and the right and 
left groins He also received 130 me hours m the nasophannx (screened with 
rubber) 

Coin sc — Dec 9, 1914, thirty -six hours after the first radium application, the 
patient w r as able to breathe through the left side of the nose for the first time 
in four months On the third day, he could breathe through the right side 
of the nose for the first time in eighteen months On the seventh da\, the 
right eustachian tube opened, and the hearing returned to normal 

Jan 8, 1915, there ivas no evidence of any growth in the nose or in the 
nasopharynx The enlarged axillary and inguinal glands neier decreased in 
size It was thought that their enlargement w r as due to chronic skm diseases 
December, 1918, a letter stated that the patient died, December 21 No cause 
was given, and no necropsy was performed 

Case 19 — Histoiv — A white woman, aged 22, was admitted in December, 
1916 She had been a mouth breather since earlv infancy, and had had fre- 
quent colds The tonsils and adenoids had been removed m November, 1916 
Two weeks later, a swelling had been noted— a tumor — in the soft palate on 
the left The operative wounds had healed perfectly The swelling of the soft 
palate had been thought to be due to infection, and was incised four days before 
admission The fulness of the parotid region had been due to metastasis under 
the zygoma 

Examination — The Wassermann reaction w'as negative There was a large, 
hard, firmly fixed growth involving the soft palate on the left and the left 
lateral wall of the pharynx and nasopharynx, not involving the nose This 
was all submucous There was no ulceration, no otitis media The differential 
blood count w'as normal, and the Pirquet reaction negative The glands of the 
neck were not enlarged There was no general glandular enlargement 
Diagnosis — The microscopic diagnosis was lymphosarcoma (Fig 8) 

Ti eatment — December, 1916, the large tumor mass in the soft palate and 
lateral wall of the pharynx was remored After the overlying mucous mem- 
brane was split, the tumor mass shelled out very easily r The wound was left 
open, and radium was employed directly in the wound No infection occurred, 
and after three weeks, the wound had healed Between Dec 16 1916, and Jan 
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23, 1918, the patient received very intensive radium treatments, consisting of 
226,000 me hours of gamma radiation employed at a distance of from 3 to S 
inches over the right and left sides of the face In addition, she received 
350 me hours of gamma radiation, employed directly in the nasopharynx 

Cow se —In April, 1917, the general condition was good, and there were no 
enlarged glands in the throat or the nasopharynx The mass under the zygoma 
had disappeared 

June, 1917, there was a fulness of the lateral wall of the pharynx on the 
right and a recurrence of fulness under the zygoma on the left 


Fig 8 — Lymphosarcoma in a girl, aged 2, well for eight months after corn 
bined operative and radium treatment, radium had no effect on the recurrent 
growth , arrangement of the cells suggests endothelioma Compare with illustra 
tions in an article by Poliak 1 " 

July, 1917, there was no evidence of the growth anywhere 
October, 1917, there was a small mass surrounding the orifice of the et 
eustachian tube, and again there was a swelling under the left zygoma 
December, 1917, the growth has rapidly recurred in spite of the irra ia 
There was a large mass in the left side of the phannx, nasopbannx and 

soft palate 
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February, 1918, the patient died at home No necropsy was performed 
Case 20 — Histoi v— A white girl, aged 10, was admitted in January, 1920 
She had been easily fatigued during the previous year The tonsils had been 
removed m September, 1919, because of pain in the joints One month later, 
a swelling of the left side of the jaw and neck had been noticed There had 
been no pain or bleeding, and the hearing had been gradually impaired on the 
left A tumor, which had appeared following the removal of the tonsils and 
adenoids, had been found accidentally in the throat She had gamed 10 pounds 
since September, 1919, and now weighed 85 pounds 

Examination — The Wassermann reaction was negative There was a swell- 
ing of the left half of the soft palate and of the left posterior pillar, involving 
the entire nasopharynx The voice was nasal The anterior nares were normal 
A roentgenogram of the chest was normal There was no general glandular 
enlargement The glands were enlarged at the angles of the jaw, but more on 
the left, with a fulness over the left side of the face The Pirquet reaction 
was negative There was postural albuminuria (?), and secondary anemia 
Diagnosis — No tissue was removed for a microscopic examination, but the 
clinical diagnosis was lymphosarcoma 

Ticatment — Between Jan 7, 1920, and Feb 14, 1920, the patient received 
9,000 me hours of gamma radiation, from a distance of 3 inches, centered over 
the left side of the neck There was no evidence of growth at the latter date 
She was given very heavy irradiation over the occipital region and over the 
right femur between September 6 and 12, 1920 

Cotttse — March, 1920, all evidence of the growth had disappeared from the 
mouth, and there were no enlarged glands in the neck A small amount pf 
tissue in the midline of the nasopharynx was seen that grossly resembled 
adenoid tissue The eustachian orifices were clear 

June, 1920, the patient was subjectively well She had a clear voice, the 
pharynx and the nose were normal, and examination of the ears was negative 
Adenoid tissue appeared to be present in the nasopharynx, and there were some 
adhesions between this and the eustachian tube on the right 

September, 1920, there were metastasis to the brain, choked disk and stra- 
bismus A roentgenogram of the femur revealed the periosteum lifted and 
thickened The patient died, and no necropsy was performed 

Case 21 — History — A white girl, aged 14, was admitted Feb 23, 1918 A 
lump had been noticed in the soft palate m December, 1917 Three weeks before 
admission, she had had her tonsils removed, and ten days later, there had been 
a rapid increase in the size of the growth 

Examination — A tumor was visible when the soft palate was lifted, but 
the eustachian tube and the glands of the neck were not involved There was 
no history of bleeding 

Diagnosis — The microscopic diagnosis was lymphosarcoma 
Ticatment— Between Feb 23, 1918, and March 30, 1918, the patient received 
very intensive irradiation, as much as could be employed with safety during this 
short period A total of 64,700 me hours of gamma radiation from a distance 
of 5 inches was centered over the right and left sides of the neck, and one 
treatment was also given over the metastasis in the lower abdomen In addi- 
tion, she received very mild treatment m the pharynx 

Cota sc- March 2, 1918, the growth had almost entirely disappeared, and 
no palpable glands were found in the neck 
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March 7, 1918, the growth in the soft palate was about 1 cm in diameter 
March IS, 1918, there was a rapid recurrence, and the growth was almost 
as large as on admission 

March 28, 1918, there was a large mass m the left lower part of the abdomen, 
the size of an egg, also an evidence of metastasis to the liver 
June, 1918, the patient died, and no necropsy was performed 
Case 2 2—Histoiy — A white woman, aged 23, was admitted in December, 
1916 The earliest symptom had been impairment of hearing on the left, which 
had occurred six months previously The glands on the left side of the neck 
were enlarged She suffered pain in the left side of the head as well as in 
the teeth on the left 

Examination — The Wassermann reaction was negative The growth origi- 
nated from the vault and the left lateral wall of the nasopharynx The mucous 
membrane over it was intact There was no history of bleeding A roentgeno- 
gram of the sinuses and chest was negative, and the blood count was normal 
Diagnosis — No tissue was removed for a microscopic examination, but the 
clinical diagnosis was lymphosarcoma 

Tieatment — Between Dec 27, 1916, and June 5, 1917, the patient received 
very intensive irradiation, an external treatment of 81,800 me hours of gamma 
radiation being employed at 3 inches over the right and left sides of the face, 
and light treatments being given in the nasopharynx, totaling 120 me hours 
of gamma radiation 

Couise — January, 1917, the patient had gained 11 pounds in weight The 
glands of the neck were smaller, and the hearing on the left was normal 
February, 1917, the growth in the nasopharynx had disappeared, and the 
glands were just palpable 

June, 1917, no evidence of the growth was seen in the nose or throat The 
glands were not palpable 

July 16, 1920, the patient wrote that she was in splendid health, looked well 
and that there was no evidence of any return of the trouble She weighed 
139 pounds 

June, 1922, the glands in the neck had recurred, and she had a septic tem- 
perature The patient was receiving radium treatment from Dr C J Miller 
of New Orleans 

Case 23 — Histoiy — A white man, aged 71, was admitted Feb 7, 1918, com- 
plaining of a sore throat of four months’ duration, and pain on swallowing 
for the previous ten days He had been given arsphenamin without any impro\e 
rnent, and had lost 20 pounds during the past four months 

Examination — The Wassermann reaction was negative The entire naso 
pharynx was filled with a mass which had largely destroyed the soft palate 
and the left tonsil, the cavity being the size of a hen’s egg He had bat 
frequent attacks of sore throat for fifteen or twenty years, which became worse 
every year 

Diagnosis — The microscopic diagnosis was lymphosarcoma 
T> eatment — Between Feb 7, 1918, and July 26, 1918, the patient received 
intensive irradiation, both from the outside and in the nasopharynx a tota o 
47200 me hours of gamma radiation at a distance of from 3 to 5 mcies ein 
employed over the right and left sides of the neck, and 450 me hours uec 

against the tumor 
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Conise Feb 21, 1918, the patient was improved, and the growth in the 

throat was smaller 

Feb 27, 1918, he was able to swallow with less pain 

March 27, 1918, the patient had unproved wonderfully, and the growth in 
the throat was nearlv gone 

April 27, 1918, the tumor was smaller, owing to the heavy irradiations given 
every other day 

May 14, 1918, the general condition was excellent , but there was still a little 
thickening on the left side of the soft palate 

May 28, 1918, the growth was beginning to recur, and the radium treatments 
inside the mouth caused a great deal of irritation, without seeming to cure 
June 15, 1918, no enlarged glands were found in the neck, but there was 
considerable growth in the phar>nx 

July 8, 1918, the glands were just palpable in the posterior triangles of the 
neck There was a large growth in the nasopharynx, which covered the left 
eustachian tube and extended down the left lateral wall of the pharynx, involv- 
ing the tonsil, soft palate, base of the tongue and the epiglottis Both sides 
of the nose appeared normal 

October, 1918, the patient died, and no necropsy was performed 
Case 24 — Histoiy — A white man, aged 22, was admitted in December, 1920, 
complaining of a nasal obstruction, of four months’ duration, and pain in the 
left side of the face and m the upper and lower teeth, as well as frontal head- 
ache There had been no history of bleeding either from the mouth or the 

nose There was jaundice and a severe pain referred to the lower dorsal and 
upper lumbar regions A roentgenogram of the spine was negative 

Examination — The Wassermann reaction was negative The glands were 
just palpable on both sides of the neck The growth apparently arose from 
the posterior part of the septum on the left, filling the entire nasopharynx 
There was a slight exophthalmos on the left and also an impairment of the 
sensation of the second and third division of the trigeminus on the left, the 
impaired hearing being due to the eustachian tube obstruction The blood count 
was leukocyte, 9,000, eosinophils, 0 5 per cent , lymphoc>tes, 11 per cent , 
differential count mononuclears, 6 5 per cent , polymorphonuclears, 81 5 per 
cent , basophils, 0, platelets, slightly increased 

Diagnosis — The microscopic diagnosis was lj mphosarcoma 
Couise — Dec 18, 1920, 3,930 me at 5 inches was applied for two hours over 
each side of the face 

Dec 24, 1920, 3,849 me at 5 inches was applied for one and one-half hours 
over each side of the nose The patient returned to the Walter Reed Hospital 
where he died Feb 5, 1921 

Ncct opsy The growth had invaded the left frontal sinus, ethmoids, orbit 
and antrum The left sphenopalatine ganglion was surrounded with growth 
The mediastinum was not involved There were no liver or kidney metastases 
A metastatic growth was found in the head of the pancreas, causing almost 
complete obstruction of the common duct An examination of the gastro- 
intestinal tract was negative There were no metastases to the brain 

Comment The irradiation in this case did not result in any evident decrease 
m the size of the nasopharyngeal growth The necropsy revealed that the tumor 
involved the ethmoidal region, frontal sinus, orbit and sphenopalatine fossa 
on the left The tumor of the nasopharynx and accessory sinuses showed great 
masses of Ijmphocvtic cells with relatively large, densely staining nuclei, sur- 
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rounded by a narrow zone of neutral staining cytoplasm The stroma was 
scant and delicate in structure The celt masses came up to the epithelium but 
did not appear to invade or destroy it Sections showed bone, however, being 
destroyed The diagnosis was lymphosarcoma of the lymphocyte cell type 
(Paul A Schulc, Chief Laboratorv Service, Walter Reed General Hospital) 

OTHER TIRES OF SARCOMA OF THE N^SOPH\R\N\ 

Case 25— Histoiy — A white bo\, aged 4*4 years, was admitted in December, 
1917, complaining of nasal obstruction and discharge from the ears, but no 
bleeding The growth m the nose had first been noticed six months previously, 
one month after removal of the tonsils and adenoids 

Examination — The Wassermann reaction was negative The growth had 
apparently originated m the nasopharvnx and had grown rapidly into both 
nostrils and downward into the pharynx, resulting in complete nasal obstruction 
and great difficulty in breathing through the mouth The glands of the neck 
were not involved 

Diagnosis — The microscopic diagnosis was spindle-cell sarcoma (Fig 21) 

Ticatment — On two occasions it w r as necessary' to remove the growth from 
the pharynx so that the child could breathe through the mouth and sv'allow 
Large doses of radium were applied directly to the base of the grow'th at each 
operation Between Oct 3, 1917 and Dec 22, 1917, the patient received very 
intense irradiation A total of 37,600 me hours of gamma radiation w r as applied 
over the right and left sides of the face at a distance of 4 inches In addition, 
ISO me hours of gamma radiation was applied directly in the nasopharynx 
against the tumor 

Com sc — December, 1917 Before admission to the hospital, the patient had 
received fourteen radium treatments with the result that for a time the growth 
had entirely disappeared It rapidly recurred, and after admission the growth 
urns removed and 500 me of radium w r as applied directly on the points of 
attachment of the grow'th for tw'o minutes in five areas (in all a total of ten 
minutes) The grow'th recurred within two w'eeks Heavy external irradiation 
was employed and again radium was applied directly to the growth in several 
areas (542 me for a total of ten minutes) 

January' 1918, the grow'th had not disappeared from the nasopharinx, but 
it ivas no longer visible in the mouth or in either side of the nose Two hundred 
and seventy-nine me of radium w'as applied directly on the growth in the naso- 
pharynx for sixteen minutes There were no enlarged glands in the neck 

March, 1918, the patient died The growth rapidly recurred and radium ha 
no effect The orbit and the intracranial cavity w'ere invaded 

Case 26 — Histoiy — A white man, aged 51 was admitted m November, 1914, 
complaining of difficulty in breathing through the nose and a muffled voice o 
three months’ duration There had been no bleeding 

Examination — The Wassermann reaction w'as negative The growth had 
originated on the posterior part of the septum or in the nasopharynx It 
smooth, hard and coiered wuth intact mucous membrane The glands o tie 
neck were not enlarged 

Diagnosis — The microscopic diagnosis was spindle-cell sarcoma (aheoar 
arrangement, Fig 9) 

Ticatment — The patient recened mild external irradiation, Jan - 
6,100 me hours of gamma radiation being employed at a distance of - > ,1C 1 
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Fig 9 — Spindle-cell sarcoma in a man, aged 51, whose chief symptom was 
nasal obstruction, after irradiation there was marked improvement for six 
months, then rapid recurrence and intracranial invasion, alveolar arrangement 
may be noted 














470 


ARCHIVES OF SURGERY 


February 20, 564 me hours of gamma radiation was applied directlv in the 
nasopharynx March 29, 1,000 me hours of gamma radiation was applied 
directly in the growth by implantation 

Com sc February, 1915, the radium had had little effect on the growth in 
the nasopharynx The growth involved the right side of the nose and had 
destroyed the vomer The patient was suffering severe pain 

July, 1915, there' %v as fixation of the jaw, as well as intracranial and orbital 
involvement, abducens paralysis and visual disturbances The growth had 
involved the right antrum, ethmoids and sphenoid The patient died 

Case 27 —Hist oi y —K white boy, aged 16, was admitted in June, 1918, com 
plaining of nasal obstruction of one and one-half years’ duration He had had 
no headache, no ear symptoms, and there was no history of bleeding 

Examination — The Wassermann reaction was negative The growth had 
apparently originated just below the posterior end of the middle turbinate on 
the left It filled the nasopharynx and caused obstruction of the right nostril 
by pushing the septum over There was no tumor in the right nostril The 
glands of the neck were palpably enlarged on both sides 

Diagnosis — The microscopic diagnosis was myxosarcoma (Fig 10) 
Ticatmcnt — Between June 27, 1918, and March 13, 1920, the patient received 
very intensive irradiation externally, applied to both sides of the head at a dis- 
tance of from 2 to 5 inches, totaling in all 83,000 me hours of gamma radiation 
applied directly to the surface of the growth by inserting emanation tubes into 
the nasopharynx, and a total of 1,800 me hours of gamma radiation applied 
by inserting two capillary tubes, each containing 5 me of radium emanation, into 
the tumor in the nasopharynx The details of the radium treatment in this case 
are given in the accompanying table 

Course — September, 1918, the growth had greatly decreased in size 
April, 1918, the patient had had twenty-eight radium treatments, both intra- 
nasal and external, with but little permanent improvement The nasal obstruc- 
tion still remained 

May, 1919, the patient had gamed 6 pounds in weight 
August, 1919, the growth had decreased in size again 

November 1919, the growth m the nose and nasopharynx was sloughing 
The glands in the neck were about the size that they were a year previously 
The soft palate was perforated on the left side as a result of a radium burn 
March, 1920, the patient was much improved The growth had disappeared 
from the left side of the nose and from the left side of the nasopharynx The 
orifice of the right eustachian tube was still obscured by growth 

June 1920 there was no growth in the nose There was still a small growt i 
m the right side of the nasopharynx The patient breathed normally through tie 


nose , * r, . 

Aug 17, 1921, there was slight irritation m the nasopharynx on the let 

but no growth whatever There was a hole in the soft palate which interfere 
with phonation 

Case 28 — Histoiy — A white man, aged 24, was admitted in May', 19 8, com 
plaining of nasal obstruction of six months' duration There was impairc 
hearing, owing to obstruction of both eustachian tubes, but no history 


bleeding 

Examination — The Wassermann reaction was negative 
pharyngeal growth covered with smooth mucous membrane 


There was a retro- 
visible in the mouth 
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Detailed Notes of Radium Treatment in Case 27 



Date 

June 

27, 

1918 

June 

30, 

1918 

July 

3 

1918 

July 

10, 

1918 

July 

14, 

1918 

July 

17, 

1918 

Julj 

21, 

1918 

July 

25, 

1918 

Julj 

28, 

1918 

^ug 

1, 

1918 

Sept 

13, 

1918 

Sept 

16, 

1918 

Sept 

20, 

1918 

Sept 

24, 

1918 

No\ 

30, 

1918 

Dec 

3, 

1918 

Dec 

4, 

1918 

Dec 

6, 

1918 

Dec 

9, 

1918 

Dec 

10, 

1918 

Dec 

11, 

1918 

Dec 

13, 

1918 

Mar 

9, 

1919 

Mar 

11, 

1919 

Mar 

IS, 

1919 

Mar 

13, 

1919 

Mar 

26, 

1919 

Mar 

30, 

1919 

\pr 

1, 

1919 

Apr 

4, 

1919 

Apr 

7, 

1919 

Apr 

9, 

1919 

Apr 

11, 

1919 

Apr 

14, 

1919 

Apr 

16, 

1919 

Apr 

18, 

1919 

Apr 

21, 

1919 

Apr 

23 

1919 

Apr 

27 

1919 

Apr 

29, 

1919 

Maj 

1, 

1919 

Maj 

3, 

1919 

May 

s. 

1919 

Ma> 

7, 

1919 

May 

9, 

1919 

May 

19, 

1919 

May 

21, 

1919 

May 

23, 

1919 

Aug 

9, 

1919 

Aug 

12, 

1919 

Aug 

IS 

1919 

Aug 

18, 

1919 

Aug 

21, 

1919 

Dec 

1, 

1919 

Mar 

13 

1920 


Dosage 

Mg 

Distance 

Site of Application 


Duration of 
Application 

3657 

6 in 

Left side of nose 

1 

hour 

3629 

6 in 

Left side of nose 

3 

hours 

3374 

5 m 

Both sides of nose 

1 

hour 

3657 

4 in 

Left side of nose 

2 

hours 

2714 

4 in 

Left side of nose 

2 

hours 

4009 

4 in 

Left side of nose 

2 

hours 

3921 

4 in 

Left side of nose 

1 

hour 

3695 

5 in 

Left side of nose 

1 

hour 

3225 

5 in 

Left side of nose 

1 

hour 

4093 

5 m 

Left side of nose 

1 

hour 

3046 

3 in 

Both sides neck. 

Total 1 Vi hours 

500 


Direct in each nostril 


4 min 

3006 

3 in 

Over angles of jaw 

45 

minutes each 

3651 

3 in 

Over angles of jaw 

45 

minutes each 

2824 

3 in 

Over angles of jaw 

30 minutes each 

378 


Direct to growth 

10 

minutes 

423 


Direct to growth 

10 

minutes 

353 


Direct to nose 

5 

minutes 

245 


Direct to nose 

5 

minutes 

773 

3 in 

To nose 

One half hour 

282 


Direct to nose 

10 

minutes 

2981 

4 in 

To nose 

2 

hours 

2101 

3 in 

To nose i 

15 

minutes 

1042 


Direct to nasopharynx 

4 

minutes 

774 


Direct inside nose 

6 

minutes 

883 


Direct inside nose 

6 

minutes 

1348 


Direct inside nose 

6 

minutes 

972 


Direct inside nose 

4 

minutes 

874 


Direct inside nose 

4 

minutes 

945 


Direct in nose 

4 

minutes 

675 


Direct inside nose 

3 

minutes 

395 


Direct inside nose 

5 

minutes 

855 


Direct inside nose 

6 

minutes 

1046 


Direct in nasopharynx 

3 

minutes 

876 


Direct in nasopharynx 

4 

minutes 

903 


Direct in nasopharynx 

3 

minutes 

583 


Direct in nasopharynx 

4 

minutes 

364 


Direct in nasopharynx 

5 

minutes 

938 


Direct in nasopharynx 

3 

minutes 

858 


Direct in nose 

4 

minutes 

1167 


Direct in nose 

3 

minutes 

811 


Direct in nose 

4 

minutes 

563 


Direct in nose 

4 

minutes 

391 


Direct in nose 

5 

minutes 

973 


Direct in nose 

3 

minutes 

675 


Direct to throat 

2 

minutes 

372 


Direct to nasopharynx 

3 minutes 

973 


Direct inside nose 

1 

minute 

670 


Direct to nasopharynx 

2 

minutes 

485 


Direct to nasopharynx 

5 

minutes 

280 


Direct to inside of nose 

5 

minutes 

682 


Direct to inside of nose 

5 

minutes 

404 


Direct to nasopharynx 

5 

minutes 

One 4 

me 

Needle implanted into pharynx 



One 5 

me 

Needle inserted in growth through 





nose 



872 


Direct to nasopharynx 

13 

minutes 


Total Ti catinciits 
U ! / gr hrs at 0 inches 
18 gr hrs at 5 inches 
80 l / gr hrs at 4 inches 


SUIMARY 


18J4 ST hrs it 3 inches 
1 2 /i gr hrs direct 
9 me implanted in growth 
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The growth did not involve the nasal cavities The glands of the neck were 
enlarged on the right (metastatic), but smaller on the left There was no 
evidence of orbital or intracranial involvement The differential blood count 
was normal 

Diagnosis The microscopic diagnosis was round-cell sarcoma 
Treatment— Between May 18 1918 and Jan 28, 1919, mtensne radium treat- 
ment was given, consisting of 72,700 me hours of gamma radiation at 5 inches, 



Fig 10 — Myxosarcoma of the nose and nasopharynx in a boy, aged 16, 
complete nasal obstruction for one and one-half years before irradiation, well 
three years later 


centered over the right and left sides of the face He also received 480 m c 
hours of gamma radiation in the nasopharynx 
C anise — June, 1918, there was no improvement 

October, 1918, the glands in the neck had almost disappeared The grout' 
in the nasopharynx was much smaller, and the patient had gained in weight 
April, 1919, cachexia was present The patient had been much worse during 
the previous three months Enlargement of the glands in the neck had recurre 
There w'as weakness of the left facial and spinal accessor} ner%es A rocn 
genogram revealed small mediastinal glands for the first time 
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October, 1919, the patient died The growth had apparently involved the 
cervical spine and had caused complete paralysis 

Case 29— Hist oi y — A white boy, aged 16, was admitted m May, 1919, com- 
plaining of nasal obstruction He had had several nasal operations during the 
previous year The glands m the neck were not enlarged 



Fig 11 — Myxosarcoma of the nose and nasopharynx in a boy, aged 16, 
complete nasal obstruction for one year , no improvement following radium treat- 
ment, section comes from the posterior end of the inferior turbinate, area 
marked is shown in Figure 12 


Examination — The Wassermann reaction was negative The growth filled 
the entire nasopharynx and both sides of the nose There was involvement of 
the right antrum nine months after the onset of symptoms 

Diagnosis — The microscopic diagnosis was mvxosarcoma (Figs 11 and 12) 

Ti catmcnt — Between June 13, 1919, and Aug 26, 1919, the patient recened 
three heaw irradiations at a distance of from 5 to 6 inches The total radiation 
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amounted to 46 500 me hours of gamma radiation applied intensively during 
the time that it was given 

Coutse — August, 1919, there was no improvement The growth extended 
under the malar arch on the right The patient died 

Case 30 — Histoiy — A colored man, aged 49, w'as admitted in April, 1918, 
complaining of nasal obstruction on the right, headaches and nosebleed, the 
onset of which had occurred six months previously 

Examination — The Wassermann reaction w'as negative The growth arose 
from the lateral nasal wall on the right The left nostril and the nasopharynx 



Fig 12 — Portion of specimen shown in Figure 11, illustrating the tvpe of 
tumor cell This patient died Compare with Figure 10 


were not involved The nose bled easily There were no enlarged glands m the 
neck, and no ear symptoms The roentgen ray revealed clouding of the rigi 
antrum, suggesting growth 

Diagnosis —The microscopic diagnosis was sarcoma 

Ti catmcnt — The patient was given very intensive irradiation between Apn 
30, 1918 and Dec 5, 1919 The external irradiations totaled 31,30 0 ' im ho urs^ 
gamma radiation at a distance of 4 inches over the right and lett ~ 
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face In addition to this, he received a total of 71 me of radium emanation in 
glass capillary tubes, in amounts varying from 3 to 7 me, all implanted directly 
into the nasopharynx 

Cow sc —April 27, 1919, there was no improvement m the breathing space 
September, 1919, there was still a large growth in the right nostril, and 
bleeding was less frequent 

February, 1920, the right nostril was entirely occluded 

Case 31 — H\sto>\ — A white woman, aged 47, was admitted in April, 1915, 
complaining of enlarged glands in the neck and difficulty in breathing, even 



Fig 13— Sarcoma of the nasopharynx in a man, aged 49, history of nasal 
obstruction, pain and frequent hemorrhages Radium did not cause the growth to 
disappear, but the symptoms are rebel ed and the growth has not adianced 
during the two years of observation 


through the mouth The onset of symptoms had occurred seven months before 
admission 

Examination There were metastatic glands in the neck on both sides The 
entire soft palate was pushed forward bj a large soft reddish growth There 
"as no general glandular enlargement, no bleeding and no ear sjmptoms A 
roentgenogram of the chest retealed no definite changes 
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Diagnosis — The microscopic diagnosis was round-cell sarcoma 

Tic at in cut— Between April 10, 1915, and June 20, 1916, the patient was given 
very extensive external irradiation, 45,000 mg hours of gamma radiation being 
employed at a distance of 2 inches 

Couise — April 16, 1915 The first radium treatment was given five days 
previously 

May, 1915, the growth had decreased to one-third its original size There 
was no growth in the throat There was one large mass of glands in the right 
side of the neck, measuring 5 by 5 cm 

August, 1915, the patient felt better There was no difficulty in breathing 
One small gland was felt in the neck She had gamed in weight 
September, 1915, a large gland was present on eadh side of the neck 
Oct 2, 1915, the gland on the right side of the necl< had disappeared The 
one on the left was smaller 

October 23, the gland in the right axilla was enlarged 
January, 1916, there was general glandular enlargement, a mass m the 
upper part of the abdomen on the left, and a recurrence in the throat 

April 14, 1916, the patient died, having been confined to her bed for the 
previous year The glands of the neck had broken down 

Case 32 — Hisfoiv — A colored man, aged 48, was admitted in March, 1915, 
complaining of symptoms that had occurred seven months previously The first 
symptom was obstruction of the tear duct on the right, then exophthalmos 
and nasal obstruction on the right There had been no pain 

Examination — The Wassermann reaction was negative The growth had 
apparently originated in the ethmoidal region on the right, later involving the 
nasopharynx There had been no pain during the first year of the trouble 
There were no palpably enlarged glands at the time of examination There was 
no bleeding at any time 

Diagnosis — The microscopic diagnosis was sarcoma 

Tieatment — Oct 1, 1920, the patient received intensive irradiation, 37,000 
me hours of gamma radiation being employed at a distance of 2 inches Light 
radiation was also applied directly to the growth by means of a sound inserted 
through the nostril , 

Couise — Mav, 1915 the growth had markedly decreased m size Exoph- 
thalmos was less marked The patient could now breathe easily through the 
nose, although it still contained a visible growth 
June, 1915, there was no further improvement 

September, 1915, there were large masses of metastatic glands on bot i 
sides of the neck The nasopharynx and the left side of the nose were involve 
The general condition was worse 

June, 1916, the patient died of intracranial involvement, terminating m 
meningitis 

Ca.se 33 — II - vy — A white boy, aged 19, was admitted m May, 1918, com 
plaining of obstruction to breathing through the nose as the earliest symptom, 
one year previously A large mass of “adenoids” had been removed m t uA ! - > 

1917, but was not examined microscopicalh Since this operation frequen 
and severe hemorrhages had been the most prominent sv mptom In P” 1 

1918, the growth m the nasopharynx was again removed, after a pre imm 
tracheotomy Recurrence had been rapid 
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Examination — The Wassermann reaction was negative Both sides of the 
nose posteriorly and the entire nasopharynx were filled with growth The soft 
palate was pushed forward by the growth 

Diagnosis — The microscopic diagnosis was myxosarcoma 
Ti eatmcnt — The patient received intensive treatment between May 1, 1918, 
and Dec 6, 1920 During this time, 16,950 me hours of gamma radiation was 
applied directly to the growth at a distance of from 1 to 5 inches , 37 me was 
implanted m the growth 

Com sc — July, 1918, an emanation point was buried in the nasopharynx 
September, 1918, the growth was steadily diminishing in size Hemor- 
rhages were less frequent 

January, 1919, the growth had almost disappeared from both sides of the 
nose There were remains of the growth m the nasopharynx The patient 
could breathe through the nose 

March 1919, the growth remained about the same m the nasopharynx The 
general health was excellent Radium was applied directly to the tumor 
through each nostril and through the mouth This treatment was followed 
within a few days by a severe hemorrhage 

June, 1919, the growth in the nasopharynx was much larger and had 
recurred in the left side of the nose There was profuse bleeding after each 
treatment 

June, 1920, the growth was much smaller than it had been a year previously 
The patient breathed well through the nose Bleeding was much less frequent 
April 23, 1921, the patient was seen by Dr Winslow, who found no evidence 
of trouble Dr William Neill, Jr, in his examination, concurred with Dr 
Winslow He pronounced it a perfect result, and, in spite of the heavy 
implantation and direct application, there was no damage to the soft palate 
or septum 

May 11, 1922, the patient felt perfectly well Examination of the naso- 
pharynx by Dr C F Burnam revealed a perfectly normal condition 

CARCINOMA OF THE NASOPHARYNX 

Case 34 — Histoiy — A white man, aged 23, was admitted, Nov 30, 1914, 
complaining of pam in the throat and swelling of the glands of the neck, nasal 
obstruction on the left, headache and nosebleed, and fixation of the jaw These 
symptoms had been of four months' duration 

Examination — The Wassermann reaction was negative The obstruction 
of the posterior part of the nose on the left was due to the growth There 
were no ear symptoms There were metastatic glands on both sides of the neck 
Diagnosis — The microscopic diagnosis was carcinoma 

Ti eatmcnt — The patient received a moderate single radium treatment, Dec 
6, 1914, 3,800 me hours of gamma radiation being employed at a distance of 
1 inch There were no other treatments and the radium treatment in this case 
can hardly be considered 

Com sc — There were no subsequent notes 

Case 35 Histoix \ white woman, aged 42, was admitted m February', 
1919 complaining of sore throat, bleeding from the throat and enlarged glands 
of the neck on both sides The glands of the neck on the right were as large 
as an orange, and those on the left were visibly enlarged 
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Examination — The Wassermann reaction was negative The growth arose 
from the vault and the right lateral wall of the nasopharynx The nose was 
not involved There was no obstruction to breathing and no ear symptoms 
There were huge glands m the neck 

Diagnosis — The microscopic diagnosis was carcinoma 

TV eatment — Between Jan 17 and Sept 11, 1920, the patient received verj 
intense irradiation, 22,900 me hours of gamma radiation, at a distance of 2 
inches, being employed over the right side of the face and neck Fourteen 
me of radium emanation was also implanted directly into the involved glands 
in the neck and 500 me of gamma radiation was implanted directly in the 
nasopharynx In October, 1919, a portion of an enlarged gland of the neck 
on the left was removed for microscopic examination Nov 20, 1919, the 
glands of the neck on the right were excised Operation for excision of the 
glands on the left was refused No operation was performed on the 
nasopharynx 

Coui sc — January, 1920, the general condition was excellent There was 
a recurrence in the glands high up on the right side of the neck Radium 
was implanted in these glands in June, 1920 The glands of the neck were 
not palpably enlarged The patient was gaming in weight 

October, 1920, examination revealed no e\idence of growth in the naso- 
pharynx The patient was breathing freely 

October, 1921, the patient died with involvement of the mediastinum and 
esophagus There was no recurrence in the nasopharynx 

Case 36 — Histoi v — A white girl, aged 19, was admitted m August, 1919, 
complaining of enlarged glands of the neck on the left, inability to open the 
mouth and bleeding from the mouth The symptoms had been present for 
three months 

Examination — The Wassermann reaction was negative The growth arose 
in the nasopharynx on the left The nose was not involved There was no 
obstruction, no bleeding and no ear symptoms 

Diagnosis — The microscopic diagnosis was carcinoma 

Ti eatment — The patient would not consent to radium treatment for four 
months after the diagnosis had been made 

Dec 2, 1919, the patient received 200 me hours of gamma radiation applied 
directly against the growth in the nasophar>nx, also two external irradiations, 
Dec 7 and Dec 14, 1919, totaling 6,800 me hours, centered over the glands of 
the neck This was very mild irradiation 

Com sc — July, 1920, cachexia had developed, and the patient was con- 
fined to bed There were frequent hemorrhages from the throat 

Case 37 — Histoi y — A white woman, aged 33, was admitted, April 18, 1917, 
complaining of headache, bleeding from the throat, enlarged glands of the 
neck, fixation of the jaw and loss of the sense of smell The patient was also 
suffering from agitated depression, for which she had been admitted to the 
Phipps Psychiatric Clinic The adenoids had been removed in September, 191 
because of bleeding The tonsils had been removed, March 19, because o 
cervical adenitis The tissue was not examined microscopically Examination 
bv Dr Harvey Cushing for brain tumor, in April, 1916, was negative 

Examination — The Wassermann reaction was negative There were 
metastatic glands on both sides of the neck diplopia, but no otitis media 



CROWE-BAY LOR— GROWTHS OF NASOPHARYNX 479 

Diagnosis — The microscopic examination of tissue removed from the naso- 
pharynx was carcinoma 

Treatment— Sept 22, Oct 22 and Nov 14, 1917, a radium treatment was 
applied to the glands of the neck Oct 4 and Nov 24, 1917, an external treat- 
ment was given October, 1917, 600 mg of radium emanation was applied to 
the right side of the nasopharynx for ten minutes and to the left side for five 
minutes November, 1917, 850 mg was applied for five minutes each (1) over 
the anterior portion of the left sphenoid, (2) over a portion of the right 
sphenoid, (3) and (4) against each pharyngeal wall 

Coin se — Dec 22, 1917, the patient died of intracranial involvement 



Tig 14— Carcinoma of the nasopharynx in a man, aged 25, symptoms 
fixation of jaw, enlarged glands of neck, mvohement of trigeminus, hemor- 
rhages from mouth and nose, temporary decrease in size of growth and relief 
of pam after irradiation 


Case 38 Htstoiv \ white man, aged 25, was admitted m February 1918, 
comp aniing of deafness m the right ear, suppuratue otitis media on both sides, 
e t iroat or six months inability to open mouth, enlargement of the glands 
o the neck on both sides which were hard and firmly fixed, imoheinent of 
tne fifth ner\e and pain 
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Examination — The Wassermann reaction was negatne There was no 
difficulty experienced m breathing through the nose The growth bled easily 
when touched, there were no spontaneous hemorrhages When first seen, the 
growth involved the anterior wall of the sphenoidal sinuses, the posterior part 
of the septum and the entire region of the orifice of the right eustachian tube 

Diagnosis — The microscopic diagnosis of a piece of tissue removed from 
the nasopharynx was carcinoma (Fig 14) 

Ti eatment — From Feb 9, 1918, to Aug 8, 1919, the patient received 
intensive radium treatment, consisting of 89,200 me hours of gamma radiation 
at a distance of from 3 to 5 inches applied externally, as well as 666 me hours 
applied directly to the surface of the growth, and two capillary tubes, each 
containing 5 me of radium emanation, implanted m the growth 

Course — April, 1918, two months after the radium treatment was begun 
the growth in the nasopharynx and the metastatic glands in the neck had 
decreased to about one-tenth their previous size The jaw remained fixed, 
and the patient still suffered pain 

July, 1919, there was no evidence of growth in the nose, throat or naso- 
pharynx The glands of the neck were slightly' larger than they were one year 
previously There was no evidence of metastasis elsewhere The general 
condition was bad The patient was cachetic, the jaw was still fixed, and 
the pain was much reduced 

Case 39 — Histoiy — A white man, aged 57, was admitted in September, 1917 
complaining of enlarged glands of the neck on both sides, obstruction and 
pain in the right ear, a constant salty' taste, and inability to open the mouth 
The first symptom had occurred two months previously 

Evammatxon — The Wassermann reaction was negative The growth had 
originated under the mucous membrane on the right side of the nasopharynx 
There was involvement of the fifth nerve 

Diagnosis — The microscopic diagnosis, made from a specimen of the gland 
of the neck removed for diagnosis, was squamous-cell carcinoma 

Treatment — The patient received intensive external irradiation from Oct 
31, 1917, to April 1, 1918, a total of 58 900 me hours being given at a distance 
of from 2 to 4 inches over the right side of the face and the cervical glands 
Course — The patient died in September, 1918, of cachexia 
Case 40 — History — A white man, aged 42, was admitted, Feb 24, 1913, 
complaining of pain and impairment of hearing in both ears, suppurative otitis 
media in the left ear, of ten months’ duration, enlarged glands of the neck, 
headaches , hemorrhages from the mouth and nose , diplopia , loss of the sense 
of smell and taste, and metastases under the zygoma on the left The onset 
of symptoms had occurred eighteen months before admission 

Examination — The Wassermann reaction was negative There was no 
involvement of the nose The growth occupied the entire nasopharynx There 
was an ulcerated area near the orifice of the eustachian tube on the left 
Diagnosis — The microscopic diagnosis was carcinoma 

T) eatment — The gland of the neck was removed for microscopic diagnosis 
No radium treatment was emploved Treatment was given with Coleys ul 
for five weeks in New York bi Dr Coley, with transient decrease in size oi 

the metastatic gland 

Com sc — April 1913, the general condition v’as much worse The P 3 ’ e 
was having severe headaches and attacks ot nosebleed He died Ma\ 
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Case 41 —History — A colored bov, aged 11, was admitted m November, 
1919, complaining of sore throat, headaches and night sweats until October, 
1918, when the tonsils and adenoids were removed Swelling occurred on the 
right side of the neck shorth after this Headache and pain in the neck 
increased, and the jaw became fixed The symptoms had been present for 
seventeen months The growth possibly originated following the removal of 
the adenoids and tonsils 

Examination — The Wassermann reaction was negative There were 
enlarged, hard glands in the neck on both sides 


0 






k 




Fig 5 Primar} carcinoma of nasopharynx with metastatic glands of neck 
in a boj, aged 11 jears, not treated 


Diagnosis — The microscopic diagnosis made from a piece of tumor removed 

from the nasophannx and also from a gland removed for diagnosis was 
carcinoma 

TicaUncnt No radium treatment was gnen in this case on account of 
tie extensile imohenient Operation was not advised and the patient w r as 
discharged untreated 

Cota si — There was no subsequent note 
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Casi. 42 — Htstoiy — A whke man, aged 50, was admitted in October, 1914 , 
complaining of an obstruction in the eustachian tube on the left, following a 
cold He had had a blood stained sputum since the onset and severe pam m 
the left side of the head There was paresis of the soft palate on the left 
but no metastasis to the glands of the neck He had diplopia These symptoms 
had begun nine months previously 

E vammaiion — The Wassermann reaction was negative The onset of the 
ear symptoms followed a cold The ear had been treated by inflation, and 
later the nasal septum had been straightened The growth m the nasopharynx 
was not recognized for nine months, although the patient had a bloody dis- 
charge from the onset On admission there was intracranial involvement, but 
there were no metastatic glands of the neck and no fixation of the jaw 

Diagnosis — Tissue removed from the nasopharynx for microscopic exam- 
ination revealed carcinoma 

Treatment — The patient was first seen here, Oct 12, 1914, and was given 
very little irradiation on that day Dec 12, 1914, he was given 5,733 me hours 
of gamma radiation at a distance of 2 inches directed on the left side of the 
face and neck The treatment m this case was given only with the idea of 
palliating pain and was not intensive enough to effect anv real change m the 
growth, as we felt that the disease was so extensive that treatment was useless 
Cow sc — The patient died one month after the onset of the ear symptoms, 
with orbital and intracranial involvement 

Case 43 — Hxstoiy — A white man, aged 31, was admitted in September, 1917, 
complaining of exophthalmos on the right, and an obstruction of the right side 
of the nose, with bleeding, the onset of which had occurred four months pre- 
viously There were large, hard, firmly fixed glands in the neck on the right 
Examination — The Wassermann reaction was negative The point of 
origin was probably m the posterior part of the nose, the orbit being involved at 
an early stage 


Diagnosis — The microscopic diagnosis was carcinoma 
Treatment — The patient was treated from Sept 16, 1917, to Nov 25, 1917 
During this time, he received several mild treatments , but the total was only 
8,100 me hours of gamma radiation emploved at a distance of 3 inches 

Couise — The patient died ten months after the onset There was an orbital 
involvement on the right, with loss of vision, and also terminal intracranial 
involvement This patient received local treatment for nasal obstruction for 
four months before coming to the Johns Hopkins Dispensary 

Case 44 — Histoiy — A white man, aged 54, was admitted in June, 1920 His 
earliest complaint had been a nasal obstruction on the right, and an obstruction 
of the right eustachian tube, with bleeding, three years previously He a 
had a nasal operation two years previously, and a large amount of tissue was 
said to have been removed, followed by profuse bleeding 

Examination — The Wassermann reaction was negative The growth imolved 
the right side of the nasopharynx and the right nostril No metastatic glan s 
of the neck were found and no infection of the ears There had been a ustorj 
of difficulty in breathing through the nose for seven years 

Diagnosis — Tissue removed from the nose for microscopic examination 


revealed carcinoma e 

Ticatmcnt-The patient received three radium treatments June , 

23, and June 28, 1920, at a distance of 3 inches, centered over the rig 
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sides of the face, a total of 21,200 me hours of gamma radiation being 
employed There was no improvement after tiiese treatments, and, when the 
patient was seen, Sept 3, 1920, the growth had increased, and both nostrils and 
the nasopharynx were blocked with the growth He was having severe pain 
in the back of the head No further treatment was given 



Tig 16 — Carcinoma of right nostril and nasopharynx m a man, aged 54, 
no linproiemcnt of any kind following radium treatment 


Com sc — In December, 1920, the patient wrote that he was haring repeated 
hemorrhages from the nose and throat, and that the glands of the neck were 
rapidlj increasing m size 

Case 45 — Hislorv — A colored bo>, aged 19, was admitted m Mav, 1915 
His earliest sjmptom had been sore throat and an enlarged gland in the neck 
\wth pain m the right side of the face and ere, for trro months He had had 
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hemorrhages from the nose and an impairment of hearing on the right 
Fixation of the jaw appeared after the onset 

Examination — The Wassermann reaction was negative There were hard 
movable glands on both sides of the neck, with a slight enlargement of the 
glands of the axillae and groins The spleen was not enlarged A roent- 
genogram of the lungs was negative The differential blood count was normal 
white blood cells, 13,700, hemoglobin, 87 per cent He had lost 45 pounds during 
the past two months There was no elevation of temperature 

Diagnosis — The microscopic diagnosis was carcinoma, probabh arising from 
the basal layer of the ciliated epithelium in the nasopharynx 



Fig 17— A higher magnification of Figure 16 


Treatment — The patient received two heavy radium treatments (1) ^ 
1915 24,900 me hours of gamma radiation was employed at a 
«h s> distributed over the right and left cheeks and over the S » “ 
sides of the neck (2) Oct 14, 191S, the treatment was emp d dwee^ ^ 
the tumor in the nasopharynx for one and one-half hours j ^ 

radium bromid-screened with 2 mm of brass and a thin laj £ of 

XT 14 1915 he received 3,500 me hours of gamma radiation at 
flh diremed ovi: .hi enlarged glands on the right side of the neck 
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Coin sc — This patient died soon after leaving the hospital No necropsy 
was performed 

Case 46 — Histoty — A colored girl, aged 11, was admitted in November, 
1919 Pain and discharge from the right ear had been the first and the only 
symptoms for one month There had been stiffness of the jaw and bleeding 
from the nose and mouth during the previous five months 



Tig IS Carcinoma of the nasopharynx in a girl, aged 11 years, not treated 


EvammaUon The Wassermann reaction was negative She lvas unable to 
separate the teeth more than 1 cm and could take onlj liquid food A hard 
irregular tumor was found in the nasopharynx, occluding the right eustachian 
u e * easily when touched with a probe The hemoglobin was 37 per 
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cent She was given a transfusion The glands were enlarged at the ancles 
of the jaws on both sides, but not elsewhere in the body The nose appeared 
normal A roentgenogram of the chest was negative 

Diagnosis— A piece of tissue removed from the nasopharynx for micro- 
scopic diagnosis revealed carcinoma (Fig 18) 

Ti eatment The growth in this case was too advanced for operation, or 
irradiation One glass capillary point, containing 4^ me of radium emanation, 



Fig 19 — Large metastatic glands in neck The onlj symptom of the primary 
carcinoma in the nasopharynx was bleeding from the mouth, excision of the 
larger glands and implantation of radium in the smaller ones resulted in an 
apparent cure for eighteen months, death due to recurrence in mediastinum 
and esophagus 

was implanted directly into the growth, followed bv a very severe hemorrhage 
four days later 

Com se — There was no report, but the child probabh died \er\ soon after 
leaving the hospital 

Case 47 — History — A white man, aged 42 was admitted in February 
There had been a history of acute sinusitis, two or three times a iear, or > 
past eight or ten iears The first symptoms had been pain, deafness a ' 
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Fig 20 — Myxosarcoma involving both sides of nose, nasopharynx and right 
antrum, no improvement after radium treatment, microscopic appearance shown 
in Figures 11 and 12 



Tig 21 Spindle-cell sarcoma m a child, aged 4 years, first fourteen radium 
treatments caused the growth to disappear macroscopicalh , but had no effect 
on tile recurrence 
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charge from the left ear, ten months previously He had had a headache on 
the left side for ten months, and enlarged glands of the posterior triangle on 
the left for eight months, with a loss of 40 pounds in weight 

Examination — The Wassermann reaction was negative This case was 
diagnosed as svphihs, and for six months the patient had had mercury and 
lodids with no benefit A piece of tumor m the nasopharynx had been removed 
for diagnosis, six weeks previously Since that time, hemorrhages had been 
frequent He had a low-grade choked disk, paralysis of the sixth nerve on 
the left, involvement of the second and the third divisions of the fifth nerve 
on the left There was palsy of the soft palate on the left 

Diagnosis — The microscopic diagnosis was carcinoma 

Ttcatmcnt — The patient was referred to Dr Coley in New York, who 
treated him with Coley’s fluid for five weeks The glands of the neck decreased 
m size , but the general condition became worse He then went to St Louis 
and received injections of colloidal copper, administered by Dr Loeb, with no 
benefit No radium treatment was given in this case 

Couise — The patient died in May, 1913, about one year after the onset of 
the ear symptom 

Case 48 — Histoiy — A white woman, aged 55, was admitted m April, 1912 
The first symptom had been pain in the left side of the head, which had been 
constant for seven months There had been pain in the left ear and deafness 
for six months, but no discharge She had not complained of nasal obstruction 

Examination — The Wassermann reaction was negative There were no 
metastases to the glands of the neck She had had cerebrospinal rhinorrhea for 
four months A low-grade choked disk was demonstrated, but no involvement of 
the orbit or the trigeminus She had palsy of the soft palate on the left The 
growth occupied the entire nasopharynx and the posterior half of the nose on 
the left 

Diagnosis — No tissue was removed because of the cerebrospinal leakage 
through the nose 

Tieatment — No treatment was advised on account of the intracranial 
involvement 

Couise — There was no report, but the patient probably died soon after 
leaving the hospital 

Case 49 — Histoix — A colored man, aged 29, was admitted in April, 1911 
His first symptom had been pain in the throat, which for three months was 
ascribed to bad teeth There had been enlarged glands near the angle of the 
jaw on the right, which had been noticed four months previously He had not 
complained of nasal obstruction, and he had been unable to open the mout 
for two months 

Examination — The Wassermann reaction was negative Metastatic glan s 
of the neck appeared first on the right, and then on the left He had a fixation 
of the jaw There were large mucous polyps in the right side of the nose, 
which bled profusely when removed There was no intracranial mvo semen 
The differential blood count svas normal The growth had apparent y ong 
nated in the nasopharynx and the posterior naris on the right 

Diagnosis— The microscopic diagnosis svas carcinoma 

Tieatment — The grosvth in this case was too far advanced for operatioi 


^ Com « -The patient died, Aug 8, 1911, at Mercs Hospital, Philadelphia, 
a little less than a jear after onset of the first ssmptom 



STUDIES IN EXHAUSTION IV PHYSICAL TRAUMA 

G W CRILE, MD 

CLE\ ELAND 

As stated in the first of these reports , 1 'these studies m exhaustion 
were initiated by an investigation of the cause of surgical shock Chron- 
ologically, therefore, the publication of this article should have preceded 
that of the studies on insomnia, exertion and emotion 2 It seemed a 
more logical sequence, however, to offer evidence of the conditions 
demonstrated in exhaustion or shock due to extreme degrees of intensity 
of the factors of normal consciousness before considering exhaustion 
due to pathologic conditions 

Perhaps no other subject m surgical literature presents so extensive 
a bibliography as “surgical shock but the space at my disposal for this 
report prohibits any adequate review of this literature, or discussion 
of the various theories of the causation of shock, such as I have offered 
in previous publications 3 

These studies, like those of many other investigators, were undei - 
taken to investigate the essential nature and causation of shock produced 
by physical trauma These studies, which are still m progress and 
have embraced studies of exhaustion due to many different causes, 
hare included observations of the variations m blood pressure 
produced by physical injury of various organs and tissues , histologic 
studies of various organs and tissues of animals m shock due to physical 
injury, investigations of the hydrogen-ion concentration of the blood, 
estimations of the alkali reserve , measurements of the electrical con- 
ductivity of various organs and tissues, and the direct measurement 
of vaiiations in the temperature of the brain and the liver 

By these various methods, both the immediate and the late effects 
of physical injury have been studied Complete reports of some of 
these researches and summaries of others have been given m previous 
publications It is my purpose here to bring together the findings in 
these studies to the present time, in order that they may be properly 
recorded and correlated 


1 Cnlc G W Studies in Exhaustion An Experimental Research, 
I Insomnia, Arch Surg 2 196-220 (March) 1921 

2 Cnle G W Studies in Exhaustion II Exertion Arch Surg- 3 
116-131 (Julx ) 1921 Studies in Exhaustion III Emotion ibid 4 130-153 (Tan! 
1922 

3 Cnle G W Reference Handbook of Medical Sciences 7 728-734 1917 
V Plnsical Interpretation of Shock Exhaustion and Restoration New York, 
Oxford Unnersiti Press 1921 Meclnmsm of Shock and Exhaustion J \ 
M \ 76 149-155 1Q21 
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A BLOOD PRESSURE CHANGES PRODUCED BY 
PHYSICAL TRAUMA 

Sines the experimental details of these studies have been presented 
m detail elsewhere, 4 and a complete summaiy has been made in a 
recently published volume, 5 I shall include here only the following 
general conclusions drawn from these initial studies 

1 There is a quantitative relationship between physical trauma and 
shock which may be estimated by blood pressure variations , that is, the 
degree of shock (exhaustion) varies directly with the amount of tissue 



Fig 1 — Incipient effect of physical trauma upon the brain cells A, section 
of cerebellum of a normal dog, B, section of cerebellum of a dog after se '^ re 
abdominal trauma for five minutes (reduced from photomicrographs, X 
The hyperchromatism of the Purkinje cells in B may be noted 


injured, with the intensity of the injuring stimulus, with the number of 
the injuring impacts 

2 The degree of shock pioduced by physical trauma bears an imerse 
relation to the phylogenetic protection of the injured tissues, that 


4 Cnle, G W Surgical Shock, 1897', Certain Problems Relating to Surgical 

Operations, 1901 , Blood Pressure in Surgery, 1903 

5 Crile, G W A Physical Interpretation of Shock, Exhaustion 


ation, Footnote 3, pp 6-40 
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the injury of tissues and organs which have been protected throughout 
the evolution of the organism, e g , the brain, the lungs, etc , produces 
but little shock as compared with injury of such exposed regions as 
the abdomen, the skin and the extremities Injury of the deep, protected 
tissues produces collapse rather than shock 



Tig 2— Effect of phisical trauma on the medulla and the spinal cord 
section of normal medulla R section of medulla after physical trauma, 
ictioii io 'interior horn ot norm'll spinal cord in cenical region D, section of 
i erior aorn of s pmal cord m cer\ical region after plnsical trauma (from 
<- mien lucida drawings) 
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3 The degree of shock bears a direct relation to the nerve supply 
of the injured tissue 

4 Exhaustion of the vasomotor mechanism is present m shock but 
is not the only factor m its production 

5 Shock from mjuiy of any tissue can be prevented by blocking the 
nerve supply of that tissue by a local anesthetic 

B THE EFFECT OF PHYSICAL TRAUMA ON THE 
CONSTITUENTS OF THE BLOOD 

In collaboration with Drs F W Hitchings, C H Lenhart and A 13 
Eisenbrey, a senes of experiments w ere performed to determine whether 
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Fig 3 — Comparison of the effect on the brain cells of abdominal trauma 
under ether anesthesia with that of like trauma under nitrous oxid anesthesia 
(differential Purkinje cell counts) ' 

or not the number of red or of white corpuscles or the amount of 
hemoglobin was affected by physical trauma 

After a preliminarj' examination of the blood, each dog was sub- 
jected to severe intestinal manipulations, and blood examinations were 
made at successive intervals of about an hour The blood was taken 
from the peripheral circulation, usually from the tip of the nose 
The findings in these experiments (Table 1) demonstrate that, m 
this limited group at least, abdominal trauma produced no notab e 
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change in the blood, excepting in two instances in which there was 
a marked decrease in the number of white cells 

C HISTOLOGIC STUDIES 

If the vasomotor center was fatigued in shock, as had been demon- 
strated by the researches described above, then it seemed reasonable to 
suppose that other portions of the brain would be fatigued also , and, 
that, if so, the resultant functional alterations of the brain cells would 
be accompanied by structural changes 


TABLE 1 — Effect of Abdominal Trauma on the Constituents 

of the Blood 



Blood Pres 

Red 

White 

Hemoglobin, 

Dog 1 

sure, Mm Hg 

Cells 

Cells 

per Cent 

Before trauma 

110 

7,500 000 

8000 

100 

After trauma 

Count 1 

62 

6,400,000 

16,000 

100 

Count 2 

00 

7,660,000 

11,500 

98 

Dog 2 

Before trauma 

114 

8,440,000 

23,800 

100 

After trauma 

Count 1 

103 

8,304,000 

12,400 

100 

Count 2 

92 

8,944,000 

9,100 

100 

Count 3 

88 

8,933,000 

8 200 

100 

Dog 3 

Before trauma 

144 

6,184,000 

25,000 

100 

After trauma 

Count 1 

91 

6, 608,000 

6, BOO 

100 

Count 2 

40 

6,963,000 

6,400 

100 

Dog 4 

Before trauma 

128 

5,920,000 

23,600 

100 

\fter trauma 

Count 1 

92 

6,240 000 

10 400 

10O 

Count 2 

60 

5 216,000 

14,000 

100 

Count 3 

84 

7,200,000 

25 000 

100 


Pursuant to this assumption, in 1900, in collaboration with Dr D H 
Dolley, histologic studies of the brain after traumatic shock were 
initiated These studies were continued in collaboration with Dr 
J B Austin and Dr F W Hitchings and weie extended to include 
other organs and tissues 

The Effect of Phasical Trauma on the Cells of 
the Central Nervous System 

Two major groups of experiments were performed, one m which 
the animals were under ether anesthesia, and one m which trauma, 
equal to that employed m the first group, i\ as applied to animals under 
nitrous oxid anesthesia Dogs were used throughout this series 

As noted in the first section of these reports, 1 ner\e cell changes 
w ere found throughout the central nervous S} stem, these changes being 
most marked m the cortex, less marked in the cerebellum and clearl> 
demonstrable in the medulla and the cord But since the Purkmje 
cells most graphical!} portray the -various stages of stimulation and 
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exhaustion, they were used in making the differential counts, and for 
illustration The differential counts given m the accompanying tables 
were made by Dr F W Hitchmgs , the description of the cell changes 
was made by Dr J B Austin Appreciation is also due to Dr Hitch- 
mgs for the collection of the data presented in this section of this 
report, m which it has seemed best to present a fairly complete descrip- 
tion of the groups of experiments which have had the most important 
influence on our conclusions regarding the essential factor m the 
production of shock 



Fig 4 — Effect on the brain cells of abdominal trauma B under ether 
anesthesia , C, under nitrous oxid anesthesia , D, after severance of the spinal 
cord at the level of the seventh cervical vertebra A, section of normal cerebel- 
lum (reduced from photomicrographs, X 310) 

I Effect of Abdominal Trauma, on the Nerve Cells 

GROUP 1 ABDOMINAL TRAUMA UNDER ETHER ANESTHESIA 
Experiment 1 — July 1, 1909 Full ether anesthesia and morphin, gram 
(0032 gm ), were used 4. dog was reduced to complete surgical shock ■>> 

means of physical injury without hemorrhage the blood pressure being ta 
from the carotid artery in the usual way 

The blood pressure at the beginning of the experiment was 80 mm t 
shock-producing manipulations for ninety minutes, the blood pressure vms ^ 
mm That the dog was in profound shock was evidenced bi the fact t a 
rise m pressure followed the burning of a paw Sections of the centra neri 
system were removed and the dog was killed while still under anest icsia 
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Histologic Examination —The Cerebrum In the first examination of sections 
stained by Nissl’s method and erythrosm, a few large hyperchromatic pyramidal 
cells were found In the extranuclear part of almost all of the other cells, the 
chromatin was in a state of fine division The nuclei were not always intact, 
and many of the nucleoli were disintegrated These findings were confirmed in 
two subsequent examinations of freshly cut and stained sections In a fourth 
section, the changes seemed even more marked, the large pyramidal cells having 
a much altered nucleoplasmar relationship There was marked loss of chro- 
matin, in most of the cells, it had almost disappeared In some cells, the 
structure of the nucleus was altered, and the nucleolus was disintegrated In 
every case, the findings with the Nissl erythrosm stain were confirmed with 
borax carmin-hematoxylin 

The Cerebellum Sections from the cerebellum were examined in detail, 
and a differential count of 100 Purkinje cells was made (Table 2) 
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Fig 5 — Effect on the brain cells of abdominal trauma immediately after the 
seierance of the spinal cord at the level of the se\enth cervical vertebra (dif- 
ferential Purkinje cell counts) 

The Medulla The sections from the medulla stained well by both Nissl’s 
method and with borax carmm-hematoxi lin Four of the nuclei of the medulla 
were present In three sections, there were \er> few hyperchromatic cells In 
one section, cells m all stages were seen, from the lnperchromatic to those m 
the exhausted stages 

1 lie Cemcal Cord No lnperchromatic cells were found Most of the 
cells lnd large granules of chromatin, but, in some the granules were fine and 
less numerous In cells from the posterior horn the nucleoplasmar relationship 
was disturbed 

Comment Tins was a seiereh shocked animal, and the brain cell changes 
corresponded to those produced b\ physical exhaustion insomnia emotion, etc 

Exi frimfxt 2 Tuh 2 1909 Ether anesthesia and morphm, *4 grain (0 032 
r ' nl were used The blood pressure at the beginning of the experiment was 120 
nun , but it fell almost immediateh to 72 mm \fter shock-producing manipula- 
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tions for one hour, the blood pressure was 56 mm, and when a paw was burned 
the pressure did not rise Portions of the central nervous system were remmed 
and immediately placed in the fixative solution The dog was killed while still 
under anesthesia 

Histologic Examination — The Cerebrum An occasional large hyper- 
chromatic pyramidal cell was seen All the large pyramidal cells showed large, 
vacuolated nuclei, and absence of, or very finely divided, extranuclear chromatin 
The nuclear membrane was always very distinct, and there did not seem to be 
any exhausted cells In three other subsequent examinations, the findings were 
practically the same, excepting that in the last one some exhausted cells with 
broken-down nuclei were found 

The Cerebellum A differential count of the Purkinje cells was made 
(Table 2) 

The Medulla No exhausted cells were found The chromatin was reduced 
in quantity and more finely divided than in normal cells Many cells showed 


T*It Cent 

a 

10 

30 

VO 

so 

GO 

70 

80 

A ct ive 

m 

■ 

m 

■ 

g 




Tl 

m 












g 



Fa~t i $ aedl 

H 

Rcli 

in 

1 ”* 


g 



g 


m 

m 

m 


g 


i 

g 



m 


g 



g 

■Exhausted, 

m 


1 


g 



g 



g 


g 



g 

m 


n 


g 



■ 


Fig 6 — Effect on the brain cells of abdominal trauma, two and one-half 
months after sererance of the spinal cord at the level of the seventh cervical 
vertebra (differential Purkinje cell counts) 


enlarged nuclei Hyperchromatic cells were present, but v'ere not numerous 
The sections contained the nuclei of the olive, the accessory olive and portions 
of the eighth to the twelfth cranial nerves Findings with both Nissls stain 
and borax carmin-hematoxylin were consistent 

The Dorsal Cord The cells of the anterior horn showed less change t an 
those of Clarke’s column In the former, there were a few h> perchromajc 
cells, while, in the latter, the chromatin wms scanty and finely dnice 
the sections stained rather poorly 

Comment — In this animal, shock wms much less seiere than in the am ™‘ l 
used in Experiment 1, and we found consistently that the cell changes w 

less marked 

Experiment 3 -July 17, 1909 Ether anesthesia and morph, n, * ^n,i ^ 
used At the beginning of the experiment, after the abdomen was P 
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blood pressure was 110 mm After shock-producing manipulations for two and 
one-quarter hours the blood pressure was 50 mm The dog died a few minutes 
later Portions of the central nervous system were remo\ed immediatel\ after 
death 

Histologic Examination — The Cerebrum Few of the large p\ramidal cells 
showed by perchromatism There were many cells m the first stage of fatigue 
and manyexliausted cells In some of the latter, the nucleolus was disintegrated, 
and the entire cell was vacuolated and edematous, or showed a ruptured cell 
membrane In making a second examination from newly cut sections, it was 
found that the \anous elements were poorly differentiated When not over- 
stained, the chromatin seemed to be entirely gone 

The Cerebellum Two differential counts of 100 Purkmje cells each gave the 
following results 



Active 

Fatigued 

Exhausted 


Cells, 

Cells, 

Cells, 


per Cent 

per Cent 

per Cent 

Count 1 

31 

34 

35 

Count 2 

35 

55 

10 

Normal dog count 

712 

281 

07 


The Dorsal Cord Most of the cells showed absence of, or poorly stained, 
chromatin There were no hyperchromatic cells, and only occasionally a cell 
with large and well-stained granules All grades of exhausted cells were found, 
some with the nucleolus completely disintegrated 

Experimext 4 — Sept 19, 1909 Ether anesthesia and morphm, 54 grain 
(0016 gm ), were used At the beginning of the experiment, before the abdomen 
was opened, the blood pressure was 120 mm After shock-producing manipula- 
tions of the intestines for three and one-half hours the blood pressure was 
74 mm , and when a paw was burned, the blood pressure rose and the dog 
showed no symptoms of shock It was killed after sections of the nervous 
system had been removed 

Histologic Examination — The Cerebrum Only a few' hyperchromatic large 
pvramidal cells were found The chromatin was in an extremely fine state of 
division m a large majority of the cells The nuclei were intact and the nucleoli 
well stained Some cells showed a few large chromatin granules, and there were 
also several exhausted cells A second examination of new' sections only 
revealed a few hv perchromatic cells The enlargement of the nuclei was 
extremely marked, the nucleoplasmar relationship being normal m onlv a few 
cells In some cases, the nucleolus had broken down altogether, while in others 
it was poorly stained A third examination revealed the same changes 

The Cerebellum The differential count of 100 Purkmje cells is given in 
Table 2 

The Medulla The larger cells were affected less than the smaller The 
nuclei of the cranial nerves and the cells of the reticular formation were almost 
all In perchromatic, or, at least, were filled with large granules of chromatin 
In the olivary nucleus, there were hardlv anv hv perchromatic cells The number 
of granules was greatlv diminished, but still most of the cells had a few 
st altered granules of good sire Xo exhausted cells were found, the nucleus 
m all cases being intact A second examination confirmed these findings 
The Dorsal Cord Almost all of the cells were hyperchromatic, the 
ihromatin being m large granules Xo fatigued or exhausted cells were found 
\ second examination confirmed these findings, the granules being large in all 
but one or two cells 
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Fig 7 — The comparative effects of abdominal trauma on the brain cells o< 
animals in which the main blood vessels supplying the brains were crossed b> 
anastomosis A, section of cerebellum of untraumatized dog, B, section o 
cerebellum of traumatized dog, C, differential Purkinje cell counts (A and 
from camera lucida drawings) 
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E\PFRTMtNT 5— Sept 30 1909 Ether anesthesia and morplnn, V» grain 
(000S gin ), were used Before the abdomen was opened the blood prebsure was 
124 mm falling to 100 mm when the manipulations of the intestines were begun 
\t the end of two hours, the blood pressure was 62 nun, and lose when a paw 
was burned The dog was killed, and portions of the central nervous sv stem 
were removed at once 

I-hsloloqic Examination — 1 he Cerebrum \o In perehromatie cells were 
seen, the degree of cell alteration being \er\ marked \hnost all the cells had 
lost all but a few of their ehiomat.n granules Mam cells weie m the last 
stages of exhaustion, with absence of ehiomitm, ruptured nucleus, disturbed 
nucleoplasmar relation and disintegrated nucleolus \t a subsequent examination 
of a new series of sections these findings were confirmed, except for the presence 
of a few In perehromatie cells, with an assortment of sin til to large gr.Riiules 
m each 

The Cerebellum Two differential counts of 100 Purkmje cells each were 
made, which rescaled 



\ctivc 

Fatigued 

Exhausted 


Cells 

Cells 

Cells, 


per Cent 

per Cent 

per Cent 

Count 1 

51 

41 

8 

Count 2 

62 

31 

7 

Normal dog count 

71 2 

2S1 

07 

The Medulla The cells 

were markctllv affected, onlv a few 

In perehromatie 


cells being seen Some large cells had large chromatin granules, but most had 
few granules and showed a disturbed nucleoplasmar relationship, while m all of 
the sections the small cells showed evidence of fatigue Some In perehromatie 
cells were found, but, m almost all, a great loss and imeness of division of 
the granules were shown The cells ot the reticular formation were all 
hvperchromatic 

The Cord The cells of the anterior iiorn were mostlj h\ perehromatie, and 
contained large granules In a few cells the granules were not as numerous 
but were still larger in size The small cells were more altered, the granules 
being fine and the nucleoplasmar relationship disturbed These findings were 
confirmed in a second examination 

The Spinal Ganglions No In perehromatie cells were seen In almost all 
of the cells, the granules were verj hue, but the nucleus was intact, and the 
nucleolus well stained In each field, from one to four cells were cntirelj devoid 
of chromatin These findings also were confirmed In a subsequent examination 

GROUP 2 ABDOMINAL TRAUMA UNDER NITROUS 0\ID OXYGEN 

ANESTHESIA 

Experiment 6— May 19, 1909 Nitrous oxid-oxygen anesthesia and morplnn 
were used At the beginning of the experiment, the blood pressure was 120 mm , 
after manipulations for two hours, it had fallen onlv to 110 mm , and when a paw 
was burned it immediately rose to 120 mm There was no clinical evidence 
of shock at any time The dog was killed with chloroform, and portions of 
the central nervous svstem removed immediately 

Histologic Examination — The Cerebrum Most of the cells showed a greatlv 
disturbed nucleoplasmar relationship There were also many hyperchromatic 
cells with large granules Apparent!.! , there were no exhausted celts A second 
careful search with high magnification also failed to reveal anj exhausted cells 

The Cerebellum The results of a differential count of 100 Purkmje cells 
are given in Table 4 
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The Cervical Cord The large motor cells of the anterior horns showed 
no changes There were no hyperchromatic cells apparent, but all the cells 
had large chromatin granules which extended into the dendrites The cells 
of the posterior horns showed disturbance of the nucleoplasmar relationship, 
with diminished chromatin, and in some cases entire absence of chromatin The 
nuclei were vacuolated This condition was in marked contrast to that of the 
large motor cells, and could not possibly have been due to either fixation or 
staining 

Experiment 7 — July 9, 1909 Under nitrous oxid-oxygen anesthesia and 
moiphin, the usual shock-producing manipulations of the intestines were made 
for two and one-half hours, during which time the blood pressure fell from 
about 120 mm to 56 mm As the blood pressure fell to 60 mm when the 


TABLE 2 — The Effects or Abdominal Trauma on the Purxinje 
Cells of Dogs Under the Influence of Ether-Morphin 

Anesthesia 
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The Cerebellum Ihe results of a differential count of 100 Purkmje cells 
are gnen in Table 4 

The Medulla Most of the cells were small and showed marked fatigue hut 
not exhaustion The\ contained \er\ few granules of chromatin, the nuclei 
were large and \acuolatcd, and the nucleoli usualh well stained \ second 
series of sections was cut through the nucleus cuneatiis and nucleus gracilis The 
cells of the remainder of the anterior horn showed the following changes Ihe 
motor nuclei around the fourth \entncle showed hjpcrchromatic cells, and 
cells with man} and larger granules than the foregoing 

The Cord The block from the spinal cord was cut mcorrecth, so that, 
when the sections were cut from it, onh the anterior horn cells showed These 
were well stained, had large granules and showed a temknee to Inpcrchromatisni 



Fig 8— Effect of physical trauma on the h\er A section of liver of a 
normal dog, B, section of lner of a dog which had been subjected to severe 
abdominal trauma (.reduced from photomicrographs, X 310) 


Experiment 8 — June 10, 1909 Under nitrous oxid-ox}gen anesthesia and 
morphin, during two hours of intestinal manipulation, the blood pressure fell 
from 110 mm to 90 mm Although the manipulation w'as severe, no marked 
symptoms of shock were present at the close of the experiment Portions of 
the central nervous system were removed mtra ntam, and the animal was killed 
while under anesthesia 

Histologic Examination — The Cerebrum Many of the large pjranudal cells 

Slowed changes but no disintegration of the nucleoli There were manv 
hyperchromatic cells, but most of the cells were m the first stage of fatigue 
lese ndmgs were confirmed by the examination of a second set of sections 
ihe Cerebellum The results of a differential count of 100 Purkmje cells 
are given in Table 4 



502 


ARCHIVES OF SURGERY 


The Medulla The cells were beautifully stained Many were hvper- 
chromatic, and all of the rest had large, distinct chromatin granules The 
cells of the column of Burdach and those around the points of origin of the 
cranial nerves, as well as around the fourth ventricle, showed no evidence of 
fatigue 

The Pons Most of the cells of the pontine nuclei were hyperehromatic, and 
none showed loss of chromatin or fatigue changes 

The Cord The large cells of the anterior horn of the cervical cord showed, 
in many cases, a loss of chromatin from the dendrites, and a few showed 
finer granules than those in normal cells and slight evidences of fatigue In the 
upper dorsal cord, many cells of the anterior horns had large granules, and 
many were hyperehromatic In the smaller and commissural cells, there were 
smaller and fewer granules The nucleoplasmar relationship in these cells was 
altered, the nuclei being ■very large The nucleolus was always well stained, 
and intact 

Experiment 9 — June 18, 1909 Nitrous oxid-oxygen anesthesia and morphin 
were used After the abdomen was opened, the blood pressure was 130 mm The 
intestines were manipulated for turn hours without hemorrhage, the blood 
pressure falling to 66 mm The heart action was strong at this time, and only 
moderate shock was present When a paw was burned, the blood pressure rose 
to 170 mm The animal was killed while under anesthesia, and portions of the 
central nervous system were removed immediately after death 

Histologic Examination — The Cerebrum In most of the large pyramidal 
cells, the granules were fine, but, in some, they were absent The nuclei were 
intact, and the nucleoli were well stained The smaller cells (and some of the 
larger ones) had very large nuclei A few hyperehromatic cells were found, 
but some cells were fatigued almost to the point of exhaustion 

The Cerebellum The results of a differential count of 100 Purkmje cells 


are given in Table 4 

The Medulla There were a few hyperehromatic cells, and almost all showed 
the presence of large granules of chromatin, although in some cells, the granules 
were few in number and an occasional exhausted cell was found The level at 
which all the sections were taken was not determined In one series of sections 
from the low medulla, a large number of cells near the point of exit of a motor 
nerve were m good condition, their granules being large but not numerous 
Scattered throughout the fields were many large cells which showed disturbance 
of the nucleoplasmar relationship and almost complete absence of granules 
In some places, the cells were completely exhausted and entirel} broken down 


There were no hj'perchromatic cells 

The Lumbar Cord The sections were taken at the lumbar enlargement 
Almost all the cells contained large and numerous granules of chromatin, an 
did not seem to be at all fatigued There rvere no hvperchromatic cells 

Experiment 10 — Julv 5, 1909 Nitrous oxid-oxygen anesthesia and m0i T^ 1 > 
V s grain (0 032 gm ), were used At the beginning of the experiment, the hloo^ 
pressure was 100 mm , and it did not fall when the abdomen was opene 
the end of three hours of shock-producing manipulation, the blood pressure 
fallen to 76 mm but showed reaction to 84 mm when a paw uas burne 
symptoms of shock were present Portions of the central nervous system ue 
removed mtra vitarn and the animal was killed while under anesthesia 
Histologic Ex animation -The Cerebrum Some of the large P jrarm 
were hyperehromatic Most of the cells were in fair condition, ui 8 
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of txtranuclear chromatin There was some nuclear vacuolization, hut U was 
not very marked 

The Cerebellum A differential count of 100 Purkmjc cells is gnat m 

Table 4 , , , 

The Medulla The sections were taken from a low level there were 

marked changes m the cells of the nucleus cuncatns and nucleus gracilis In most 
of the cells, there was little chromatin present, and almost all showed disturbance 
of the nucleoplasmar relation The ceils of the anterior horn were m fairly 
good condition, many being hv pcrchromatic 

The Upper Cervical and Dorsal Cord In most of the cells the gr unties 
were large but scattered, and withdrawn from the dendrites m all except a 



Fig 9 — Effect of physical trauma on the liver A, section of liver of a nor- 
mal dog, Bj section of liver of a dog which had been subjected to severe 
abdominal trauma (reduced from photomicrographs, X 1,640) 


few instances Most of the cells seemed to be approaching the first stage of 
fatigue, but there was no disturbance of the nucleoplasmar relation 

Experiment 11 — June 11, 1909 Nitrous oxid-oxygen anesthesia and morphm 
were used After opening the abdomen, the blood pressure was 130 mm Although 
the intestines were manipulated for three hours, no symptoms of profound 
shock appeared, and the blood pressure fell to only 96 mm , rising to 108 mm 
when a paw was burned Portions of the central nervous system, with the 
exception, through accident, of the cerebellum, were removed ultra vitam The 
animal was killed while under anesthesia 

Histologic Examination — The Cerebrum Manj' hyperchromatic cells were 
present, although a majority showed a diminished chromatin content outside 
the nucleus The granules were fine The nuclei were vacuolated, but the 



Fig 10 — Effect of physical trauma on the suprarenals A , section of supra- 
renal of a normal dog, B, section of suprarenal of a dog which had been sub- 
ject to severe abdominal trauma (reduced from photomicrographs, X 310) 


The Spinal Ganglions The cells of the spinal ganglions attached to the 
sections from the cord showed ranation in the size of the granules, most of 
which were finely divided The nuclei were normal 

Experiment 12 — June 3, 1909 Nitrous oxid-oxygen anesthesia and morphia, 
y 2 grain, were used Before opening the abdomen the blood pressure was 130 mm 
After manipulating the intestines for two hours, the general condition of t ie 
dog was good, there were no signs of shock, and the blood pressure had fa en 
to only 110 mm Portions of the central nenous system were remo\ed ultra 
vitam, and the dog was killed while under anesthesia 

Histologic E\ animation — The Cerebrum Many of the large pyramidal cells 
were hyperchromatic No exhausted cells were found Most of the cells s ’owe 
well stained chromatin The nuclear membrane was unbroken, but usua 
shrunken The nucleolus w^as alw ai s w>ell stained On staining new sec i 
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from the same block, less marked changes than the foregoing were found, 
there being fewer In perchromatic cells, with numerous large gr mules in most 
of the cells , there were no exhausted cells and no nuclear shrinkage The find- 
ings were the same with Nissl’s stain, and with borax carmm-hematoxylm 
The Medulla Sections were taken at the senson decussation The cells 
of the anterior horn were well stained, the granules being large and numerous 
The nucleus cuneatus and nucleus gracilis contained cells which were markedly 
fatigued, e\en to the point of exhaustion The nuclei were aacuolatcd, as m some 
cases w'as the cjtoplasm also The smaller commissural cells also had undergone 


TABLE 4— The Eitects or Abdowin \l Pragma ox tiie Puhmnje 
Ceils or Dogs Under the Ixtilexci or Nitrols Oud- 
OwGEx-MoRrmx Axesthesic 



Differential Count' 


\ctl\e 

Fatigued 

1 xlmu'tcd 


Cells 

Cells 
per Cent 

Cell' 

Group 2 

per Cent 

per Cent 

Experiment 0 

S3 

17 

0 

Experiment 7 

Cl 

S3 

0 

Experiment S 

St 

12 

f 

Fxpenment 9 

r >7 

30 

4 

Experiment 10 

71 

41 

r> 

Averages 

07 S 

2$ 4 

30 

Normal average 

7] 2 

2S 1 

0.7 


TABLE 5 — ErrECT or Physical 

Trauma on the 

PURkINJE 

Cells 


Differential Counts 


/ 

Actl\c 

Tatigued 

rxhau'tcd 


Cells, 

Cells, 

Cells, 


per Cent 

per Cent 

per Cent 

Trauma under ether 

45 7 

39 9 

14 4 

Trauma under nitrous ox/d 

07 S 

28 4 

3 8 

Norma] 

71 2 

281 

07 

Fther anesthesia — four hours* 

081 

279 

4 0 

Nitrous oxid anesthesia — four hours* 

77 0 

220 

10 


* In order to form a basis for judgment as to wlint degree the effect, of trauma on the 
brain cells is due to- the anesthetic, these figures are appended 


changes resulting in loss of chromatin in the granules and m disturbance of the 
nucleoplasmar relationship 

The Upper Cervical and Dorsal Cord Sections from both levels contained 
cells in good condition In most instances, the chromatin was well distributed, 
but showed a tendency to recede from the dendrites There was also a tendency 
toward hyperchromatism 

GROUP 3 ABDOMINAL TRAUMA AFTER COMPLETE CROSS SECTION 

OF THE SPINAL CORD 

The object of these experiments was to determine whether shock-producing 
afferent impulses from the abdomen could reach and injure the brains of dogs 
aftei complete cross-section of the spinal cord between the sixth and seventh 
cervical vertebrae 

Expfriment 1 Abdominal tiainna two and one-half months after complete 
aoss-sechon of the spinal coid Sept 17, 1910 Two and one-half months 
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before this date, under ether anesthesia, the spinal cord of a dog in good condition 
was severed between the sixth and seventh cemcal vertebrae The com alescence 
was stormy, but recovery finally took place, with the exception of complete 
paralysis below the level at which the section was made, there being a late return 
of the scratch reflex onlv September 17, the dog was anesthetized again with 
ether and morpliin, grain, and subjected to intestinal manipulations When the 
experiment started, burning both a front and hind paw did not cause am appre- 
ciable rise m blood pressure, although in a normal dog this vouid hare caused a 
rise of from 10 to 20 mm at least After four hours of constant intestinal 
manipulation the blood pressure had fallen only 8 mm, and burning the pans 
caused no more reaction than before At this time, portions of the centra. 1 
nervous si stem were remored ultra vitam, and the dog was killed while under 
anesthesia 



Fig 11 —Effect of physical trauma on the suprarenals A, section of supra- 
renal of a normal dog, B, section of suprarenal of a dog which had been su - 
jected to severe abdominal trauma (reduced from photomicrographs, X 


Histologic Examination —The Cerebrum The sections v ere veil stained, the 
cells containing many granules with a normal amount of chromatin 

exhausted cells were found , n 

The Cerebellum A differential count of 100 Purkmje cells » 

Ta The Spinal Cord Above the cross-section, the cells were m 

tion in both the anterior and posterior horns, the granules be 
well stained At the point of division, the normal tissue had 
rpnlaced bv connective tissue in bundles „ n hreed 

Belov the cross-section, the central canal of the cord /^normal m 
The motor cells of the anterior horn vere still present Some 
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size and well stained Others contained finch dnided chromatin granules, while 
an occasional cell was m an exhausted condition The greatest changes were 
m the posterior horns Ml the cells of Clarkes column and those mound the 
posterior horns showed total loss of chromatin 
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Fig 12— Cannon test for epinephrin after abdominal trauma The lack of 
reaction when blood from traumatized dogs was substituted for normal blood 
may be noted Duration of trauma Dog A, fifteen minutes, Dog B, thirty- 
eight minutes 


Experiment 2 — Abdominal tiauma immediately aftci complete ci oss-scction 
of the spinal coid Dec 6, 1911 Ether anesthesia only w'as used The spinal 
cord w r as seiered at the seienth cervical vertebra There was immediately such 
a marked fall in blood pressure that it was necessary to transfuse blood from 
another dog The abdomen was then opened, and se\ ere shock-producing 
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manipulations were begun in the usual way It was found to be impossible to 
maintain the blood pressure, since blood began to ooze from the liver as soon 
as the pressure rose The transfusion was, therefore, made intermittent, only 
a small amount of blood being allowed to pass at a time The blood pressure 
never fell below 30 mm The animal was billed by stabbing after being sub- 
jected to the intestinal manipulations for three hours The pulse and respiratory 
rates remained the same throughout the experiment At necropsy, the complete 
cross-section of the spinal cord was verified 

Histologic Examination — The Cerebrum There was a great preponderance 
of hyperchromatic cells In many cells, the granules were not very distinct, 
the chromatin being somewhat diffused Very few cells showed any loss of 
chromatin 

The Cerebellum A differential count of 100 Purkinje cells is given in 
Table 6 

Experiment 3 — Abdominal tiauma immediately aftci complete ci oss-section 
of the spinal cold Dec 7, 1911 Ether anesthesia only was used The experi- 
mental details were the same as in the preceding experiment One and one-half 
hours after intestinal manipulations had been begun, the heart suddenly stopped 
beating as a result of excess of ether The dog was resuscitated, but it was 
necessary to administer cardiac massage almost constantly It was thought that 
this accident might invalidate the results, but the following data show that it 
did not Death occurred at the end of another half hour, or after two hours 
of manipulations of the intestines 

Histologic Examination — The Cerebrum There were many hyperchromatic 
cells and very few which showed loss of chromatin The general appearance 
was normal 

The Cerebellum A differential count of 100 Purkinje cells is given in 
Table 6 

Experiment 4 — Abdominal tiauma immediately aftci complete a oss-section 
of the spinal coid Dec 14, 1911 Ether anesthesia only was used The details 
were the same as in the two preceding experiments This dog also had to be 
resuscitated at about the middle of the experiment The manipulations "ere 
continued for three hours, the pulse and respiratory rates being unchanged 
during that time As the blood pressure fell, blood was transfused from 
another dog 

Histologic Examination — The Cerebellum A differential count of 100 
Purkinje cells is given in Table 6 


COMMENT 

This group of experiments indicates that in an animal whose spinal 
cord has been completely severed no amount of trauma of the distal 
territories of the body will cause either subjective symptoms of shock 
or physical changes in the brain cells (Table 6) 

GROUP 4 TRANSFUSION OF BLOOD TROM A DOG IN SHOCK TO A 

NORMAL DOG 

In the following experiments the object was to determine whet ie 
shock could be transmitted through the blood from a shocked to ai 
unshocked dog In the first experiments, a dog was subjectC ° 
profound shock, and his blood was then transfused to a sounc 
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In two otliei expeimients (the so-called “symbiotic shock’ experi- 
ments), m each instance, a caiotid aiteiy of one dog was anastomosed 
to a carotid aitery of anothet dog, and an internal jugulai vein of one 
to an internal jugulai of the othei, the normal directions of cm rent 
flow being presented The blood piessuie was taken fiom the remaining 
caiotid aiteiy of each clog and recouled in the usual way Ether- 
moiphm anesthesia was used, and each animal was killed befoie 
regaining consciousness 

TABLE 6 — ErrccT on the PuuxiNir Ci 1 1 s 01 Trvuma Atteii 
Compi ete Cnoss-SrcTiON 01 the Spin ai Conn 


Differential Counts 

A 


Group 3 

Acth c 
Cells, 
per Cent 

rntlgueil 
Cells, 
per Cent 

Exhausted 
Cells, 
per Cent 

Experiment 1 

SO 

10 

1 

Experiment 2 

so 

19 

1 

Experiment 3 

70 

21 

0 

I xpenment 4 

SO 

n 

0 

Aterngc 

S2 

17 5 

03 

Normal aierage 

71 2 

2S 1 

07 


TABLE 7 — Comparative ErrECTs on the Purkinje Cells or the 
Traumatized and or the Untraumatized Dogs in Crossed 
Circulation Experiments 


DilTcrontinl Counts 

— . — „ a 

Traumatized Dogs Untraumatized Dogs 


Active 

Fatigued 

Fxli austed 

Active 

Tatigued 

1 S 

I xliausted 

Cells 

Cells, 

Cells, 

Cells, 

Cells, 

Cells, 

per Cent 

per Cent 

per Cent 

per Cent 

per Cent 

per Cent 


experiment 1 




SO 

20 

0 

Experiment 2 

42 

52 

6 

73 

27 

0 

Experiment 3 

30 

55 

15 

71 

2S 

1 

Avenge 

36 

53 5 

10 5 

74 0 

25 

03 

Normal aierage 

71 2 

281 

07 





By this symbiotic arrangement, physiologic continuity of circulation 
was established, and could be maintained indefinitely Consequently 
when one dog of each pair was subjected, for at least three hours, to 
severe shock-producing manipulations of the intestines it would be 
expected that if toxic products weie formed and liberated into the blood 
stream, or if shock were due to some alteration in the gaseous content 
of the blood, they would be transmitted to and affect the brain of the 
othei clog It would also be expected that it would take a longer time 
to reduce the manipulated dog to shock, since his blood pressure was 
maintained, to a certain extent, by the support of the circulation from 
the normal dog 
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1 he Purlunje cell counts in these three experiments are given in 
Table 7 ~ 

COMMENT 

From these experiments, it is apparent that no toxic substances are 
found m the blood during shock, certainly none of sufficient virulence 
to have any destructive effect on the brain cells The tendency toward 
hyperchromatism is readily explained by the duration of the experiments 
and the effects of the ether The important fact is that a negligible 
percentage of exhausted cells was found and that the clinical symptoms 
of shock did not appear in the untraumatized dogs 



Fig 13 — Early and late effects of abdominal trauma on the electric conduc- 
tivity of the brain and the liver 


GROUP 5 MISCELLANEOUS EXPERIMENTS 

Under this heading are described five experiments in which there 
were, accidentally or intentionally, factors which caused t armtions from 
the typical experiments described in Groups 1 and 2 

Experiment 1 —The effects of abdominal trauma on a dog under 
mtious oxid-orygen anesthesia and morphia The purpose of this £ 

Zl to determine the effect on the brain cells of a bad technic m administering 

the anesthetic 





Fig 14 Temperature variations in the brain and the liver produced bj 
abdominal trauma (thermocouple measurements) In each of these experi- 
ments under ether anesthesia, the abdomen was opened and the intestines 
and abdominal wall were subjected to shock-producing manipulations In C, 
the manipulations were more moderate than in the other experiments 
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June 8, 1909 Under interrupted nitrous oxid-oxygen anesthesia and morphm 
the intestines were manipulated constantly for two hours, during which period 
the blood pressure fell from 110 mm to 40 mm , the principal fall occurrnw 
when the anesthetic was interrupted At the end of the experiment, a rise of 
10 mm occurred when a paw was burned Portions of the central nervous 
system were removed, and the dog was killed while under anesthesia 


Histologic Examination The Cerebrum There weie scarcely anv hyper- 
chromatic cells Most of the cells showed a marked loss of. granules, such 
granules as remained being in a finely divided state Most of the nuclei were 
vacuolated, and the nuclei were well stained The smaller pvranudal cells did 
not have as large a nucleus as is usual No markedly exhausted cells were 
found 

The Cerebellum A differential count of 100 Purkmje cells was as follows 

Active Fatigued Exhausted 

Cells, Cells, Cells, 

per Cent per Cent pei Cent 

Count 1 62 34 4 

Normal dog count 71 2 281 07 


The Medulla Most of the motor cells around the fourth ventricle and most 
of the commissural cells were hyperchromatic The greatest changes were found 
in the accessory olive, and those next in degree, m the olive itself The cells 
were fatigued but not exhausted, that is, the chromatin granules were diminished 
in rumber and size, and the nuclei were enlarged The cells of the anterior 
horns were not so hyperchromatic as were the cells of the motor nerves 

The Cord In the cervical cord, both m the antenor horns and m the 
commissure, most of the cells contained numerous large separate granules Alanj 
of the cells were hyperchromatic 

Experiment 2 — The effects of abdominal tiauma undo ct/ici-moi phut ones - 
thesia on a dog that had distcmpei and that had fasted five days Sept 29 1909 
Ether anesthesia and morphin, Vs gram, were used The animal bad fasted for 
five days, and had drunk very little water during this time It coughed and 
had a discharge from its nose Before the abdomen was opened, the blood 
pressure was 110 mm, falling to 78 mm when the abdomen was opened The 
animal was soon in profound shock, and, at the end of one and one-half hours 
of intestinal manipulation, the pressure had fallen to 34 mm when the aninnl 
almost expired When a paw was burned, the pressure did not rise Portions 
of the central nervous svstem were removed before death occurred 

Histologic Examination — The Cerebrum As a whole, the changes in the 
nerve cells were very marked There w r ere no hyperchromatic cells, and on } 
an occasional granule of chromatin w»as seen in any of the cells, m manv o 
which the nuclear membrane was torn and the nucleolus disintegrated Sections 
from another block of cerebral tissue presented the same appearance Rest, lining 
with borax-carmin and iron-hematoxylin gave the same results as the Niss stum 
The Cerebellum Two diffeiential counts of 100 Purkinje cells each were as 


follows 


Count 1 
Count 2 

Normal dog count 


*\ctive 

Fatigued 

Cells, 

Cells 

per Cent 

per Cent 

52 

35 

55 

35 

71 2 

2S1 

sections taken 

from tw r o 


Exhausted 

Cells, 
per Cent 
13 
10 
07 


or 


cerebellum The slight variation between them o cu „catus 

The Medulla The sections did not pass through th = "V , cntr ,Jc 

the nucleus gracilis The cells of the nuclei around the fourtl 
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were aftected There were some hvperchromatic cells, and others in which the 
number of large granules was greatly reduced The smaller cells showed greater 
changes, some being entirely without granules In many cells, both large 
and small, the nucleus seemed to be enlarged Sections from another part of 
the block passed through the nucleus cuneatus and the nucleus gracilis For 
the most part, the cells m these nuclei were affected more than were those else- 
where in the section Very few chromatin granules were present The nuclei 
were intact, and the nuclei had stained well The cells of the formatio reticularis 
and those around the floor of the fourth ventricle (eleventh or twelfth cranial 
nerve roots) had larger and more dense granules, and seemed to ha\e been 
little affected On restaining with iron-hematoxylin the same changes were 
found 

The Cord Moderate changes v'ere found There were many hyper- 
chromatic cells with large chromatin granules A few cells had very fine 
granules, and tlieir dendrites and certain areas m the protoplasm of the cell 
body were free from chromatin The nuclear structures were unchanged 

The Spinal Ganglions There v'ere no hyperchromatic cells or cells with 
large granules, and, when chromatin w'as present, it was finely divided Some 
cells showed great loss of chromatin Eccentric nuclei and badlv stained 
nucleoli v'ere present On staining fresh sections with Nissl’s stain, the find- 
ings v'ere the same On restaining with borax carmm and hematoxylin, no 
hyperchromatic cells v'ere found The granules v'ere fine for the most part, 
and some cells had no granules, although in a few the granules were large 

Comment — The high percentage of exhausted cells is readily accounted for 
bv the fact that, in this experiment, further exhaustion from injury was added 
to exhaustion from disease and fasting 

Experimext 3 — The effects of abdominal tiauma on a doq undo nit) oils 
oxtd-oxygen anesthesia and scopolamm ( hyosem ) The object of this and the 
following experiment was to determine whether more or less shock v-ould be 
produced if scopolamm was used instead of morphin 

June 28, 1909 Nitrous oxid anesthesia and scopolamm were used As soon 
as the technic for recording the blood pressure w'as completed, a hypodermic 
injection of scopolamm, Jdo grain, was given Tw'enty minutes later, the respira- 
tion and circulation ceased , but resuscitation was easily accomplished by 
means of cardiac massage The abdomen was then opened, and the intes- 
tines were manipulated for one and one-half hours, during which period the 
blood pressure, which was 130 mm at the beginning of the experiment, fell 
to 70 mm Moderate symptoms of shock were present There was no evi- 
dence of marked fatigue or of exhaustion 

Histologic Examination —The Cerebrum The largest of the pyramidal 
cells showed little change in the number and size of the chromatin granules 
and had apparently been little affected In some cells, however, the chromatin 
had disappeared entirely, and the nucleus was vacuolated, while the nucleolus 
W'as well stained In others, small masses of chromatin remained within the 
nuclear membrane, which in some instances was ruptured Sections from two 
other blocks of tissue showed the same changes The hyperchromatic cells 
seemed to have more and larger chromatin granules than those in cases m 
which morphin was used 

The Cerebellum A differential count of 100 Purkinje cells was as follows 



Active 

Fatigued 

Exhausted 


Cells, 

Cells, 

Cells, 

Count 1 

Normal dog count 

per Cent 

79 

712 

per Cent 

18 

281 

per Cent 

3 

07 
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The Medulla Hyperchromatic cells were rare Almost all of the cells 
had large, sharply stained granules , but, m a few, the granules were fine or 
had disappeared altogether from certain areas in the cytoplasm In some 
cells, there was a tendency toward peripheral distribution of the granules 
Experiment 4 —The effects of shock on a dog unde > nitrous oud-ovygcn 
anesthesia and scopolamm June 30, 1909 Nitrous oxid-oxygen anesthesia and 
scopolamm, Mo grain, were used Before opening the abdomen, the blood pres- 
sure was 1 60 mm —abnormally high, and it did not fall when the abdomen was 
opened At the end of two hours of manipulations, the blood pressure had 
fallen to 60 mm , and mild symptoms of shock were present The heart action 
showed very little irregularity Portions of the central nervous system were 
removed mtra vitam, and the dog was killed while under anesthesia 

Histologic Examination — The Cerebrum In the large pyramidal cells, most 
of the extranuclear chromatin was lost, and the cell body was much vacuolated 
A few cells were hyperchromatic There were no exhausted cells On recut- 
ting and restaining, the same changes were found, and in addition there were 
some cells in which the nucleoli were red instead of blue and were placed 
eccentrically 

The Cerebellum Two differential counts of 100 Purkinje cells each were 
as follows 



Active 

Fatigued 

Exhausted 


Cells, 

Cells, 

Cells, 


per Cent 

per Cent 

per Cent 

Count 1 

56 

35 

9 

Count 2 

59 

36 

5 

Normal dog count 

712 

281 

07 


The Medulla The sections were from the level of the fifth cranial nerve 
Hyperchromatic cells were present Most of the cells were well stained, and 
contained fairly large chromatin granules In some places, especially m the 
substantia nigra, the granules were fewer in number and smaller in size Cells 
of the tegmental nucleus were present, and showed some changes Very little 
change was found in the nucleus of the fifth nerve On recutting and restain- 
mg the findings were practically the same, a larger proportion of hyper- 
chromatic cells being found 

The Cord The sections were well stained In some cells, the granules 
were large but scattered, while in others they were fine 

COMMENT 

Experiments 3 and 4 present no evidence of any material variation 
produced by the substitution of scopolamm for morphm, although in 
Experiment 4 it is difficult to account for the larger percentage o 
exhausted cells 

GROUP 6 EFFECT OF ABDOMINAL TRAUMA ON OTHER ORGANS TIU\N 
THOSE OF THE CENTRAL NERVOUS SYSTEM 

In a later series of studies than those described thus far, dogs vcre 
subjected to like trauma under varying conditions, and sections were 
taken of various other tissues than those of the central nervous sjstern^ 
The details of most of the experiments in this group were earn e o 
by Dr R E Mosiman and Dr W B Rogers, and the histologic ev 
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matrons. as in the former experiments, were made by Dr Austin No 
differential Purkmje cell counts were made 

Experiment 1 — Abdominal tiaunia undo ctho Feb 2, 1914 Under 
ether anesthesia, vigorous manipulations of the intestines and lower muscles 
were carried out for three hours 

Histologic Examination — Cerebellum The cells were generally fatigued 

and exhausted, although there were a few hyperchromatic Purkmje cells 
Suprarenal The entire cortex and medulla showed great loss of cyto- 
plasm, the cells being irregular, with eccentric nuclei 

Spleen The lymph spaces were greatly enlarged, the number of nuclei of 
the cells was apparently decreased 
Testicle This was normal 

Lymph Gland The lymph spaces were distended 

Experiment 2 — Abdominal tiauma undo cthci May 18, 1916 Ether 
anesthesia was used Sections of the muscle and liver were taken before the 
intestinal manipulations were started Vigorous manipulations of the intestines 
and peritoneum were carried out for two hours 

Histologic Examination — Cerebrum An occasional hyperchromatic and 
active cell was found Most of the cells were fatigued, some were exhausted 
Cerebellum There were many hyperchromatic and active cells, some were 
fatigued, a few were exhausted 

Liver The control section showed a slight loss of cytoplasm The “shock 
section” showed a greater loss of cytoplasm, and some vacuolation which was 
greatest around the central vein 

Suprarenal Great loss of cytoplasm and vacuolation were evident m the 
outer half of the cortex, there was some loss of cytoplasm in the medulla 
Muscle Normal and “shock sections” were identical m appearance 
Experiment 3 — Abdominal tiauma undo ethci Aug 8, 1916 Under 
ether anesthesia, intestinal manipulations were performed for three hours 
Histologic Examination — Cerebrum No hyperchromatic or active cells 

were present, nearly all cells were fatigued, some were exhausted 

Cerebellum An occasional hyperchromatic and active cell was found , 
most of the cells were badly fatigued, some were exhausted 
Liver There was slight loss of cytoplasm m some areas 
Suprarenal Marked loss of cytoplasm and vacuolation were evident m 
both the cortex and the medulla 

Experiment 4 — Abdominal tiauma undo moiphm April 14, 1914 Three 
grains of morphin were given just before the experiment was started Ether 
was given during the dissection for exposure of the carotid artery for blood 
pressure tracing Intestinal manipulations were performed for two hours and 
twenty minutes 

Histologic Examination — Cerebrum There were numerous hyperchromatic 

and active cells — many fatigued and some exhausted 

Cerebellum A few hyperchromatic cells were present many active, some 
fatigued, and an occasional exhausted cell 

Medulla All cells were hyperchromatic with large granules 
Spinal Cord Motor cells were active, with small granules, there were 
no hyperchromatic cells 

Suprarenal There was very slight loss of cytoplasm m the outer cortical 
cells the medulla was well stained 
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Kidney The glomeruli, capsule and tubules were normal 
Stomach This was normal , the mucosa was well stained, and the cells 
were well differentiated 

Thymus This was very large and lobulated, with much adenoid tissue, 
the corpuscles were very small 

Spleen This was normal and full of lymphocytes 

Lymph Gland This was normal, well stained, contained many lympho- 
cytes, and there was no congestion 

Submaxillary Gland This was normal and well stained 
Voluntary Muscle This was normal , and the striations were faint 
Heart Muscle This was normal 

Testicle This was well stained There was no spermatogenesis nor 
spermatozoa 

Lung This was normal 


TABLE 8 — Histologic Findings in Crossed Circulation Experiments 

5 and 6, Group 6 


Tissue 

Dog A— Traumatized 

Dog B— Not Traumatized 

Cerebrum 

Experiment 5 

No hyperchromatic cells, all 
fatigued 

Some hyperchromatic cells, 
manj fatigued 

Experiment G 

No hjperchromatic cells, all 
fatigued or exhausted 

Many hyperchromatic cells, 
few fatigued 

Cerebellum 

Experiment 5 

Few hjperchromatic cells, in 
worse condition tlnn B 

Some hjperchromatic cells, 
many exhausted 

Experiment 6 

No hyperchromatic cells, all 
fatigued or exhausted, dis 
tinctly worse than B 

Occasional hyperchromatic 
cells, many fatigued 

Liver 

Experiment 5 

Slight uniform loss of cjto 
plasm 

Marked loss of cytopJ-ism and 
large a acuoles 

Experiment 6 

Old fatty degeneration he 
tween lobules, cells almost 
normal 

(Section w as missing) 

Suprarenal 

Expermient 5 

Normal 

Normal 

Experiment G 

Practically normal 

Practically normal 


Comment — In this experiment, the general appearance of the brain cells 
was far better than in the case of like trauma under ether alone or with 
the addition of a small amount of morphin 

Experiment 5 — Abdominal tianma to one of hvo dogs united by crossed 
circulation Jan 25, 1917 Under ether anesthesia, reciprocal anastomosis of the 
carotid arteries and jugular veins was accomplished in the usual way, and the 
intestines of one of the dogs were traumatized more or less continually for three 
hours During this period, the temperature of the traumatized dog fell from 
to 33 7 C or 3 7 degrees, while the temperature of the untraumatized dog e 
only 1 1 degree — from 38 2 to 37 1 C 

The animals died within two or three minutes of each other, and sections 
of the brain, liver and suprarenals of each were taken immediately 
The comparative histologic findings are given m Table 8 
Experiment 6— Feb 1, 1917 The details of this experiment were the 
same as those of Experiment 5 described above The comparative lnsto ogi 
findings are given in Table 8 

Comment — As in the crossed circulation experiments in a prewous group, 
there is a distinctly worse condition in both the cerebrum and cere e u 
the dog subjected to intestinal trauma than in the untraumatized dog 
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SUMMARY Or HISTOLOGIC FINDINGS 

1 Physical injury causes changes m the cells of the cential nervous 
system (Figs 1 and 2) 

2 The changes m the cells of the coitex and cerebellum aie moie 
marked than those in the medulla and coid, and the changes in the 
medulla are more marked than those m the eoid 

3 The extent of the changes in the biain cells are m clnect relation 
to the duration and the intensity of the trauma 

4 The changes m the brain cells pioduced by tiaumatism of an 
animal under ether anesthesia are many times greater than those pro- 
duced by approximately equal trauma of an animal under nitrous 
oxid anesthesia (Fig 3) 

5 The brain cell changes produced by traumatism of an animal 
undei ether or nitrous oxid anesthesia are greater than those produced 
by either anesthetic alone 

6 No brain cell changes are produced by traumatism of the distal 
areas in a dog whose spinal cord has been completely severed (Figs 
4 to 6) 

7 Shock cannot be transmitted through the blood stream (Fig 7) 

8 If a stated blood pressure is maintained by transfusion, brain 
cell changes will still occur as a result of traumatism 

9 A limited series of experiments indicates that, m addition to 
the central nervous system, only the liver and, to a slight degree, the 
suprarenals are histologically altered in shock (Figs 8 to 11) 

10 The evidence from our histologic studies unfailingly supports 
the assumption that the essential lesions in traumatic shock are m the 
central nervous system 

D PHYSICOCHEMICAL AND FUNCTIONAL STUDIES 
Studies of the Suprarenal Output 

In three animals, tests of the effect of abdominal trauma on the 
suprarenal output were made in our laboratory by Dr Hatchings, using 
Cannon’s method In two instances, no reaction was secured immedi- 
ately after the application of intense trauma for ten minutes (Fig 12) 
In another instance, the intestinal manipulations were continued for one- 
half hour, at the termination of which, the test for epmephrm was 
negative The intestinal manipulations were then continued for fifteen 
minutes more, the blood again giving no reaction to the test for 
epmephrm Blood taken after death was negative also Ether anes- 
thesia was employed throughout these experiments 

Chemical Content of Certain Tissues 

Eight cats were subjected, under ether anesthesia, to intestinal 
manipulations for thirty minutes, at the termination of which time, 
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Fig 15 — Effect of physical trauma on the cerebellum A, section of normal 
human cerebellum , B and C, sections of cerebellum of a soldier who died at a 
casualty clearing station from extensive abdominal wounds (reduced from 
photomicrographs, X 310) 



Fig 16— Effect of physical trauma on the liver A, section of norma 
liver, B, section of liver of a soldier who died at a casualty cIeann | s a !0 
extensive abdominal wounds (reduced from photomicrographs, X > 
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the glands and tissues wete remoied These, with like glands and 
tissues from normal cats, weie sent to Parke, Davis and Company, 
where assays weie made through the courtesy of Dr Houghton and 
Messrs Briggs, Hamilton and Rowe 

The results of these assays as given in Table 9 demonstrate that, m 
the traumatized animals as compaied with the normal animals (1) the 
10 dm content of the thyroid gland was increased , (2) the epmephrm 

TABLE 9 — Phisiochemical Studies oi the ErrECT or Physical 
Trauma on Certain Organs and Tissues 


Supnrenals 

, * > 

llijroid Epmephrm Liver 

Iodm Epinephnn Actnity, Gljeogen 

Content, Content, per Cent of Content 

per Cent per Cent Standard per Cent 
Normal cats 0 01 01 5 0 508 

Traumatized cats 0 03 0 051 2 7 0 05C 


Hypophysis 
Muscle Pituitnn 

Glj cogen Activity, 

Content, per Cent of 
per Cent Standard 

0 56 25 

0 305 20 


TABLE 10 — Effect or Phisical Trauma on the H-ion Concentration 

of the Blood 


Experiment 1 Blood from normal dog 7 61, 7 01 

Blood taken forty minutes after intestines had been mnnipu 
lated for one and three-fourths hours (ether anesthesia) 7 11 

Blood taLen setenty minutes after cessation of trauma 6 97 0 99 

Experiment 2 Blood from normal dog 7 IS, 7 44 

Blood taken sixty minutes after intestines had been mampu 
lated for one and three fourths hours (ether anesthesia) 7 10 7 OS 

Experiment 3 Blood from normal dog 7 63, 7 63 

Blood taken thirty minutes after intestinal manipulations 7 31, 7 27 

started 

Blood taken fifty minutes after intestinal manipulations 7 21 

started 

(The intestinal manipulations continued throughout period) 


content and epmephrm activity were decreased, (3) the glycogen con- 
tent of the liver and of voluntary muscle was decreased, and (4) the 
pituitnn activity was decreased 

Measurements of H-ion Concentration and or 
Reserve Alkalinity 

Three studies of the effect of intestinal trauma on the H-ion con- 
centration of the blood made by Dr M L Menten, the results of 
which are given m Table 10, reveal that, in every instance, the H-ion 
concentration was markedly increased 

A measurement, made by Dr W B Rogers, of the reserve alkalinity 
by the Van Slyke method disclosed a diminution m the carbon dioxid 
combining power from 42 c c for each hundred cubic centimeters of 
plasma to 21 cc (vein) and 26 cc (artery), after manipulations of the 
intestines for two hours With ether anesthesia alone for the same 
period, the reduction was from 46 c c to 32 c c 




520 


ARCHIVES OF SURGERY 


In the laboratory of U S Base Hospital No 4 (The Lakeside 
Unit) m France, Major A B Eisenbrey and Lieut F De Eds made 
comparative studies of the blood from the longitudinal sinus and from 
the femoral vein, by Martin’s titration method 

In these experiments, the preliminary samples of blood were 
removed under nitrous oxid anesthesia The anesthetic was then 
changed to ether, and the animals were subjected to intestinal trauma 
for one-half hour, when samples of blood were again taken 


TABLE 11 — Comparison or the Reserve Alkalinity or\ Blood 
Before and After Intestinal Trauma tor One-Halt Hour 



Before Ti.iuma 

After Trauma (One Half Hour) 


Blood from 

Blood from 

r 

Blood from 

Blood from 


Femoial Vein 

Longitudinal Sinus 

Femoral Vein 

Longitudinal Smus 

Experiment 1 

0 513 

0 445 

0 475 

0 475 


05 

0 43 

0 47 

0 48 

Experiment 2 

0 38 

0 3055 

0 545 

0385 

Experiment 3 

0 35 

0 325 

0 46 

0 55 


0 35 

0 33 

0 45 

054 

Experiment 4 

05 

0 425 

0 525 

0 578 


05 

0 43 

053 

0 58 

Experiment 5 

0 07 

0 445 

0 61 

05 


0 675 

0 45 

0 555 

0 45 


TABLE 12 — The Errrcrs of Surgical Operation Under Nitrous 

Oxid Anesthesia Upon 

the H-ion Concentration 

or THE 

Blood 

(Clinical Cases) 




C ise 1 Case2 Case 3 

Case 4 

Case 5 Ca'c 6 

Before operation 

Nitrous oxid analgesia (descending) 

At end of one hour on operating table 
Nitrous oxid analgesia (ascending) 

One hour after operation 

7 65 7 65 7 53 

7 60 7 41 

7 54 7 60 7 26 

7 6 3 7 42 

7 57 

7 29 

7 40 

7 63 

7 46 7 55 

7 40 7 60 

7 53 

7 53 7 57 


The results m five experiments are given in Table 11, which 
reveals that the blood taken after a half hour of trauma showed a 
higher alkali reserve in the blood of both the longitudinal sinus arid t ie 
femoral vein, comparing sinus with sinus, and vein with vein 

In each of the other two cases, the alkali reserve of the blood from 
the longitudinal sinus was increased, the blood from the femoral ' ein 
showing a decrease In summary, our H-ion and reserve alkalinity 
studies appear to show an increased alkali reserve m the earlier stages 
of shock, with a decreased alkali reserve m the later stages 

As a corollary to these experimental determinations may be note ^ 
a series of measurements of the H-ion concentration m patients e or 
and after surgical operation under nitrous oxid anesthesia (Taie 
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Electric Conductuitv Measurements 

Under ether anesthesia, three groups of rabbits were subjected to 
intense shock-producing manipulations of the intestines for periods of 
one, of fhe, and of from thirty to forty -fine minutes, respectn ely Each 
animal was killed immediately, and conductivity measurement made 
of the cerebrum, cerebellum and li\er° The a\erage of the measure- 
ments of the animals m each group was compared with the average 
of the measurements of a like number of normal animals which, with 
the animals subjected to trauma, had been kept for some time under 
identical conditions m our laboratory The measurements from the 
three normals and from the traumatized animals are gnen in Table 13, 
and a comparison of the early and late effects of trauma is shown 
graphically m Figure 13 


TABLE 13 —Comparison of the Earia and L\te Effects of Physical 
Trauma on the Electric CoNDUCrivm of the Brain and 

the Liver 






Aver 

Percen 



Aver- 

Pcrcen- 



Aver- 

Percen 





age 

tile 



age 

tile 



age 

tile 



No 


Devi a- 

Devi a- 

No 


Devi a- 

■ Devi a 

No 


Devi a 

Devia- 


Length 

of 


tion. 

tion 

of 

Cere- 

tion. 

tion 

Of 


tion. 

tion 


of 

Am 

Cere- 

per 

from 

Aui 

bel- 

per 

from 

Am 


per 

from 

Date 

Trauma mals brum 

Cent 

Normal mals lum 

Cent 

Normal mals 

Liver 

Cent 

Normal 

6/11-0/18/19 

Normal 
Group H 

S 

00172 

17 


8 

00131 

10 


6 

00101 

17 


6/9/19 

Trauma, 

5 

00189 

10 

- 98 

6 

00138 

13 

— 53 

4 

0010S 

1 9 

- 69 

6/6/19 

1 mm 
Trauma 

3 

00175 

08 

a- IT 

3 

00142 

19 

- 83 

3 

00116 

65 

-14 8 

5 min 













1/3-2/19/19 

Normal 
Group III 
Trauma, 

5 

00192 

16 


5 

00162 

53 


5 

00074 

22 


1/8-1/10/19 

5 

00168 

24 

—12 5 

5 

00154 

1 7 

— 49 

6 

00091 

5 o 

a-22 9 

30-45 mm 


Thermo-Electric Studies or Temperature Variations 
in the Brain and in the Liver 

In order to determine whether or not the variations m the structure 
and in the electric conductivity of cells, w r hich we have described above, 
are parts of the same process as that manifested by changes in func- 
tional actiMty, it was necessary to devise some method whereby the 
functional changes m the cells might be measured m the living animal 
Variations m functional activity indicate variations m oxidation, 
variations m oxidation are manifested by variations in heat production 
For the accurate measurement of these variations, if present, we 
devised thermocouples which could be applied directly to the brain, 
Iner or other tissues of the in mg animal 

6 Crile, G W , Hosmer, H R., and Rowland, A F The Electrical Con- 
duct in of Animal Tissues Under Normal and Pathological Conditions Am J 
Plnsiol 60 59-106 (March) 1922 
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A description of the arrangement of the apparatus for these studies 
and a review of the literature pertaining to this method of temperature 
measurement have been published elsewhere 7 We shall confine our- 
selves here to a brief statement of our observations of the temperatures 
m the brains and livers of animals subjected to physical injury 
In most instances, contact with the animal under observation pro- 
duced an immediate alteration m the temperature of the brain In the 
case of severe trauma, produced by shock-producing manipulations of 
the intestine, a progressive decrease in the temperature of the brain 
and of the liver was noted The temperature of the brain usually rose 



Fig 17 — Comparison of the clinical effects of thigh amputation under ether 
with those of a like operation under nitrous oxid anesthesia (Charts o 
wounded soldiers treated at Base Hospital, through the courtesy of aP 
Geoffrey Marshall ) 

for an instant on the application of an intense stimulus, such as tearing 
of the abdominal wall, but there followed an equally abrupt fall, an 
the tendency was constantly downward 

The exposure of the viscera contributed to the precipitate ^ tcre ^f C 
in the temperature of the brain, which will be noted m some o 

7 Crile G W , Hosmer, H R, and Rowland, A F The [^ 0 '^cra- 
Studies of Temperature Variations in Animal Tissues, I Genera 2 341 .jjg 
tions, Description of Apparatus and Technique, Am J Pmsio 
(Oct) 1922 




CRILE — EXHA USTION 


523 


charts (Fig 14) In these, the like fall in the temperature of the liver 
must probably be largely attnbuted to the direct exposure of the organ 

E CLINICAL EVIDENCE 

The clinical observations have been presented in pievious volumes 
and papers, they are seen daily and were observed on a vast scale 
during the war (Figs 15 and 16) 

Of prime significance is the fact that methods of prevention indicated 
by these studies are successfully protecting our patients from the 
destructive results of the physical trauma of surgical operations If 
physical trauma were the only injuring factor present m a surgical 
operation, its destructive effects could be modified, as oui experiments 
have shown, by the use of local anesthesia and of nitrous oxid-oxygen 
That exhaustion of the brain is the primary factoi in the pioduction 
of shock from surgical trauma is evidenced daily in the clinic by the 
protection afforded by these two agents (Fig 17) 

A later section of these studies in exhaustion will give further 
experimental evidence regarding the direct influence of these and other 
protective and restorative agents 

GENERAL SUMMARY 

1 The effects of physical injury, especially of abdominal trauma, 
have been studied by (a) observations of the blood pressure, ( b ) 
measurements of the constituents of the blood, (c) histologic studies, 
( d ) measurements of the H-ion concentration and of the alkali reserve 
of the blood, ( e ) estimations of the 10 dm content of the thyroid gland, 
of the epmephrm content of the suprarenals and the epmephnn activity , 
of the pituitrm activity, of the glycogen content of the liver and of 
voluntary muscle, (/) measurement of the electrical conductivity of 
the brain and the liver , ( g ) direct measurements of the temperature 
of the brain and the liver, and (/?) clinical observations of patients 
after physical trauma received by accident or in war, or in surgical 
operations 

2 All of these lines of investigation indicate that changes in the 
central nervous system — primarily in the brain — constitute the funda- 
mental cause of the exhaustion and shock which follow physical trauma 

3 The experimental evidence indicates that the liver, and possibly 
the suprarenals, is linked with the brain in the cycle of exhaustion- 
producing changes which are initiated by the changes m the brain 

4 These studies present no evidence that any primary change in 
the distribution or constitution of the blood is produced by physical 
trauma alone When such changes were demonstrated, they were end- 
eftects, not causative factors, of shock or exhaustion 
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5 A limited group of experiments indicates that, under anesthesia 
at least, the suprarenals do not respond to the stimuli of physical 
trauma by any increase in their output 

6 The essential cause of exhaustion from physical trauma is 
identical with that of exhaustion from insomnia, by emotion and by 
exertion, as presented in the preceding studies in this series 



THE ETIOLOGY OF URINARY LITHIASIS 
AN EXPERIMENTAL STUDY t 

LINWOOD D KEYSER, MD 
Fellow m the Mayo Foundation 

ROCHESTER, MINN 

In a recent study of the literature on the etiology of urinary litlnasis 
and closely related subjects, the conclusions leached after careful 
ana'ysis may be summarized briefly, thus 

1 The problem of calculus formation in the urinary tract is one of 
chemical precipitation The mechanism which causes the precipitation 
of urates, oxalates, phosphates, and so forth, m such a way that a fused 
hard concretion arises, rather than the deposition of individual crystals 
which maintain a state of isolation in passing through the urinary tract 
must be determined 

2 Differences in reaction, as determined by the hydrogen ion con- 
centration, and qualitative and quantitative changes m the urinary col- 
loids (such as pigments, mucin, nebecula, albumin, and nucleo-albumm) , 
have been shown to influence the nature of urinary sediments both 
chemically and physically The microscopic and gross features of calcuh 

would seem to show that an abnormal variation of these factors is at 

* 

work in the formation of stone 

3 Race, age, heredity, trauma, occupation, diet, sex, and geographic 
distribution seem to suggest little with regard to the etiology of con- 
crements , if factors at all, they are probably of secondary importance 

4 The three commonest diseases associated with an increase in the 
crystalline content of the urme, namely, gout, oxaluria, and phos- 
phaturia, are found far oftener without accompanying calculus deposi- 
tion than with it Many observers have assumed that there is a high 
incidence of litlnasis in such diseases, but have offered httle statistical 
evidence to support their views 

Xanthinuria and cystmuria are necessary to the formation of 
xanthin and cystin stones, but the frequency with which xanthmunc 
and cystinuric patients escape calculus formation is problematic 

5 On the whole, clinical evidence points to a local mechanism at 
work m the kidneys, ureters, or bladder to cause the stones The 
frequent occurrence of demonstrable foci of infection in patients suffer- 
ing from calculus and the almost universal finding of infected kidneys 

* Abridgment of thesis submitted to the Faculty of the Graduate School of the 
Uni\ ersit\ of Minnesota in partial fulfilment of the requirements for the Degree 
of Master of Science in Pathologj The v>ork was done m the Section of 
Experimental Surgen of the Ma\o Foundation and the Section of Urologi of 
'he Mayo Clinic 
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or bladders associated with stone lend weight to the belief that a 
specific stone-forming infection is at work m most instances It is 
conceivable that at times excessive excretion of crystalloid material may 
reach such a degree that the normal protective colloids of the urine 
cannot handle the extra burden Under such circumstances fusion oi 
crystals and calculus formation might take place Likewise, it is pos- 
sible that qualitative or quantitative changes m the colloids of the 
urine may occur without bacterial infection Such changes might lead 
to concrement formation even though the urinary crystalloid excretion 
remains within normal limits 

6 Theie is little direct evidence to piove that anatomic factors or 
stasis can initiate the stone-forming process , but then frequent associa- 
tion with calculus makes it seem likely that the stone- forming mecha- 
nism may work to better advantage undei such circumstances 

The commoner theories of calculus formation were subjected to 
laboratory experimentation whenever possible, the procedures being 
guided to a high degree by the preceding studies The magnitude of 
such a task is obvious and necessanly prohibitive so far as concerned 
many details which, though important, were not deemed immediately 
expedient Abstracts of experiments are accompanied by typical 
protocols when necessary to afford detail 

SERIES 1 THE EFFECT OF A HIGH CALCIUM DIET ON THE 
CRYSTALLINE CONTENT OF URINE 

A high content of calcium in the diet has long been considered a 
factor predisposing to lithiasis For this reason an effort was made to 
concentrate the calcium salts m the urine of rabbits by administering 
massive doses of calcium oxa'ate, chlorid, lactate, and phosphate to 
normal rabbits, and also to rabbits that had been subjected to a low- 
grade toxic nephritis by the administration of minute doses of oxalic 
acid, mercuric chlorid, cantharides, or chloroform 

Feedings 1 and 2 were given on alternate days for the purpose o 
keeping the urine alkaline After one week Feedings 3 and 4 were 
given on alternate days for the purpose of keeping the urine acid The 
seven rabbits lived from nine to fifty-four days, the reaction of the 
urine being fairly well maintained Aside from an occasional calcium 
oxalate octahedron, no visible increase m the crystalline content o 
the urine was noted Necropsy did not reveal lime deposits or con 
cretions The intramuscular injections had been poorly absorbed 
Feedings 1 and 2 were given on alternate days for one week, t us 
keeping the urine alkaline Feedings 3 and 4 were then given on 
alternate days to the end of the experiment The four rabbits ne 
from ten to twenty-four days, the reaction of the urine being 
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TABLE 1 Experimental Feeding of Sevln Rabbits (Experiments 1 to 7) 


Feeding 

M iteml 

Amount 

Method of Administration 


Sodium bicarbonate 

Oxalic acid 

1 gm 1 

01 gm S 

By stomach tube 

1 

[Calcium lactate 
[Calcium oxalate 

01 gm ) 

0 5 gm 5 

Suspension in glucose solution, 
injected intr imuscularly 


Calcium lactate 

Calcium eWorld 

1 gm ) 

1 gm ) 

In solution by stomach tube 

2 J 

Calcium lactate 

Calcium oxalate 

01 gm 1 

0 5 gm ) 

Suspension in glucose solution, 
injected intramuscularly 


Sodium benzoate 

Oxalic acid 

1 gm ; 

01 gm ) 

Orally, in capsules and in solu 
tion by stomach tube 

3 

Calcium lactate 

Calcium oxalate 

01 gm 1 

0 5 gm ) 

Suspension in glucose solution 
injected intramuscularly 

4 

Calcium eWorld 

Calcium lactate 

Hydrochloric acid 1 per cent 
solution 

1 gm ) 

1 gm [ 

20 C C [ 

In solution bj stomach tube 


Calcium lactate 

Calcium ox ilate 

01 gm) 

0 5 gm } 

Suspension in glucose solution, 
injected intramuscularly 

TABLE 2 

—Experimental Feeding of Four Rabbits (Experiments 8 to 11) 

Feeding 

Material 

Amount 

Method of Administration 

1 

Mercuric chlorid 1 250 solution 
Acid sodium phospli ite 
Ammonium chlorid 

Magnesium oxid 

1 cc | 

1 gm l 

1 gm [ 

1 gm j 

Bj stomach tube 


Calcium lactate 

Calcium phosphate 

01 gm ? 

1 gm S 

Suspension m glucose solution, 
injected intramuscularly 

2 

Calcium chlorid 

Ammonium chlorid 

Hydrochloric acid 1% solution 
Magnesium oxid 

1 gm ] 

1 gm [ 

20 c c ( 

1 gm j 

In solution and suspension by 
stomach tube 


Calcium lactate 
[Calcium phosphate (neutral) 

01 gm ) 

1 gm J 

Suspension in glucose solution, 
injected intramuscularly 

3 

Sodium bicarbonate 
[Acid sodium phosphate 
Magnesium oxid 

Ammonium chlorid 

1 to 3 gm ] 

01 gm 

1 gm [ 

1 gm J 

In solution and suspension by 
stomach tube 


Mercuric chlorid, 1 250 solution 

05 c C 

Injected intramuscularly 


Calcium lactate 
[Calcium phosphate 

01 gm ) 

1 gm J 

Suspension m glucose solution, 
injected intramuscularly 

4 

[Calcium chlorid 

Calcium lactate 

1 gm ? 

1 gm J 

In solution and suspension by 
stomach tube 


Calcium lactate 
[Calcium phosphate 

01 gm ) 

1 gm 5 

Suspension in glucose solution, 
injected intramuscularly 
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well maintained A moderate degree of albuminuria was noted No 
visible increase in the crystalline content of the urine was observed 
Necropsy did not reveal crysta’lme deposits or concretions 

Here forced feeding of materials from which ammonium magnesium 
phosphate is derived was made in an endeavor to cause deposition of 
triple phosphate Mercuric chlorid poisoning is often associated with 
calcium deposit m the renal tissues, hence the value of the negativity 
of this experiment may be emphasized 

Experiments 16 to 20 — hive rabbits were fed as in Experiments 
8 to 11, with the exception that 0 1 to 05 cc of chloroform was fed 
instead of mercuric chlorid Chloroform was used because of its action 
on the renal epithelium The five rabbits lived from eight to nineteen 
days The visible crystalline content of the urine was not increased 
Necropsy revealed marked degenerative change in the hepatic and renal 
epithelium No hme deposits or urinary concretions were noted 

Experiments 21 and 22 — Two rabbits were fed as in Experiments 
8 to 11, with the exception that 01 minim of tincture of canthandes 
was substituted m the place of mercuric chlorid Canthandes was 
used because of its nephrotoxic effect The two rabbits lived twenty- 
one and ten days, respectively The visible crystalline content of the 
mine was not increased Necropsy revealed degenerative changes in 
the renal and hepatic epithelium but no crystalline deposits or con- 
cretions 

Comment — Forcing lime salts m massive doses does not cause visible 
increase in the crystalline content of rabbit’s urine These experiments 
are in harmony with the views of pharmacologists that an increased 
ingestion of calcium salts will not lead to a significant increase of 
calcium m the urine This is good evidence against a “hard water” oi 
“lime soil” factor in the etiology of stone 


SERIES 2 THE FORCED ADMINISTRATION OF OXALIC ACID 
AND ITS DERIVATIVES 

Ebstem 1 had shown that uric acid administered orally to rabbits 
and dogs is destroyed in the metabolism , but it had long been know 
that the administration of oxalic acid would cause the appearance o 
calcium oxalate m the urme Therefore, in different groups of amnia 
oxalic acid, sodium oxalate, and ammonium oxalate were fed in su 

lethal doses 


on 


1 Ebstein, W , and N.cotairer, A Ueber die eapeninentelle 8 ^ 

Harnstemen, W.esbaden, Bergmann, 1891 PP 149, Ueber die ,„ t 
Harnsaure dnrcl. die N.eren Arch f path Anat 143 337JX ,b,<I 

Wirkung der Oxalsaure und einiger ihrer Demate auf die 

148 366-388, 1897 
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Two rabbits (Experiments 25 and 26) were fed 04 gm of oxalic 
acid and 0 4 gm of acetamid, daily, by stomach tube As the feeding 
of diamido-oxalic acid had been shown by Ebstein to produce concre- 
tions, it seemed best to exclude the possibility of the amid group as a 
factor in concrement production The two rabbits lived twenty-four 
and thirty-eight days, respectively A moderate number of calcium 
oxalate crystals was noted daily m the urine These crystals were 
always single, of the perfect octahedral type, and showed no tendency 
toward coalescence or fusion 

In Experiment 25, at necropsy, deposits of white material were 
found m the straight tubules in the renal pyramid When scraped with 
the knife and examined microscopically these proved to be made up of 
calcium oxalate crystals of the octahedral type, without tendency toward 
fusion Both animals showed slight vascular injection of the kidneys 
and epithelial degeneration in the tubules No deposits or concretions 
were noted 

Two rabbits (Experiments 13 and 14) were fed 0 5 gm of ammo- 
nium oxalate, daily One rabbit (Experiment 27) was fed 1 gm of 
ammonium oxalate and 1 gm of acetamid, daily The animals lived 
forty-seven, ten, and fifteen days, respectively No visible increase m 
crystalline content of the urine was noted aside from an occasional 
calcium oxalate octahedron Necropsy revealed slight nephritis but no 
crystalline deposits or concrements 

One rabbit (Experiment 15) was fed 0 5 gm of sodium oxalate 
every two days, it died after forty-six days A moderate number of 
calcium oxalate crystals of the perfect octahedral type were noted daily 
These did not show a tendency to fusion Necropsy revealed the kidney 
contracted with nephritis No lime deposits or concretions were found 

SERIES 3 EFFECT OF ADMINISTRATION OF BUTYL OXALATE 

Inasmuch as the oxaluria produced m Series 2 was not apparently 
intense, it was decided to feed an ester of oxalic acid m the hope that 
it would be less toxic than soluble oxalates, as it would furnish a lower 
concentration of oxalate ions Ethyl oxalate, when given intramus- 
cularly in doses of 0 5' c c or more, killed the animals almost 
immediately 

E\pci intents 28 to 33 — Butyl oxalate was injected intramuscularly 
into six rabbits m doses of from 0 5 to 1 c c , daily In several instances 
sodium oxalate was fed simultaneously m doses of 0 4 gm , in capsules, 
daily The rabbits lived from four to nine days All developed an 
intense oxaluria In all the experiments except Experiment 28, the 
calcium oxalate crystals were perfect octahedrons, showing no tendency 
toward coalescence or fusion 
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Xu Experiment 28, after receiving butyl oxalate and sodium oxalate, 
daily, for six days, the animal died spontaneously Marked oxaluria 
with dumb-bell shaped crystals and atypical octahedrons was noted 
At necropsy marked distention of the intestines and injection of the 
mucosa were noted The bladder was congested and distended and 
contained about twenty small smooth white stones about 1 by 2 mm 
m diameter On chemical examination these proved to be calcium 
oxalate As this was the first experiment of the series, cultures were 
not taken, and sections of the tissues were not made The kidney- 
appeared slightly injected but otherwise normal All efforts to repeat 
the experiment proved futile 

Comment — The association of an atypical crystalline oxaluria with 
formation of concretions was noted m one instance, while the remaining 
animals consistently showed a typical octahedral form of calcium oxalate 
m the urine with no concrement formation This suggests that a change 
m crystalline form may be related to conciement formation 

SERIES 4 THE RESULT OF PLACING AN ORGANIC NUCLEUS 
IN THE RENAL PELVIS OP THE RABBIT 

The presence of organic nuclei, such as fragments of epithelium and 
disintegrating tissue, having been observed m many calculi, it was 
decided to determine the effect of placing pieces of tissue into the pelvis 
of the rabbit’s kidney 

Experiments 102 to 105 — In four rabbits under ether anesthesia and 
aseptic technic, the left kidney was removed through a lumbar incision, 
a wedge-shaped portion of the renal pyramid, not quite large enough to 
fill completely the cavity of the pelvis, was excised This was placed 
gently m the renal pelvis, the kidney carefully sutured with JSlo 00 
plain catgut, and the incision closed m layers The animals lived 
from six to 121 days , they were killed after the longer periods In 
all cases at necropsy the piece of tissue was found lying m a pool of 
urme and undergoing disintegration In Experiment 102, when the 
animal was killed, the pelvis was found clear, no trace of the tissue being 
seen There was no evidence of calcareous deposit, and, except for the 
operative scar, the kidney appeared normal A culture was negatn e for 
bacterial growth 

In view of this negative result, bits of muscle and fascia from tie 
lumbar region were introduced through a nephrotomy wound into tie 
left renal pelvis of several rabbits The kidney and the incision u ere 
closed Several of the animals are still alive In Experiment 10 t ie 
animal was lolled 122 days after operation The disintegrating muse e 
tissue was found to be impregnated with lime salts lying m a poo o 
purulent material, the kidney showed moderate hydronephrosis 
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culture of the pus yielded a gram-positive bacillus One half of the 
muscle tissue was firm and stony, while the other half was soft and 
gritty 

Comment — No conclusions can be drawn fiom a single experiment, 
but it would seem that foreign bodies or organic nuclei m themselves 
will not initiate stone formation If retained long enough, however, 
they may form a point of lowered resistance for bacterial invasion by 
irritation Under such conditions they become impregnated with crystal- 
line material which may develop into true calculi In the cases in 
which bits of, renal pyramid were enclosed m the pelvis, cultures were 
negative Infection was not determined by culture from several animals 
that died within a week after the insertion of the muscle tissue into 



Fig 1 (Experiment 58) — Bilateral hthiasis in a rabbit fed oxamid daily 
for seventeen days, larger masses lie behind the free margin where the calices 
are attached to the renal parenchyma (Fig 13) 

the pelvis of the kidney Filling the pelvis with bits of muscle tissue 
is equivalent to the introduction of stasis of high, degree and also to 
mci easing markedly surface duplication in the pelvis Hence it would 
seem that the failure to secure a deposit of crystalline material m the 
absence of infection is a strong point against a purely mechanical theory 
of stone formation 

SERIUS 5 A STUDY OF THE FORMATION OF OXAMID CALCULI 

The formation of concretions in the urinary tract after the adminis- 
tration of oxamid to animals had apparently been regarded as a medical 
curiosity si nce the tune of Ebstem, although subsequently Tuffier 2 and 

2 Tufher, M Litlnase urinaire artificielle. Bull Soc anat de Paris 68 49- 
^3 1S93 
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Rosenbach 3 had carried out confirmatory experiments Little or no 
mention of the process occurs in current literature, especially in this 
country The fact that oxamid would form urinary concrements had 
been confirmed in Mann’s laboratory by J R McVay, who had fed two 
dogs on oxamid for several months Hence it was decided to study this 
phenomenon more m detail with the hope that the observations might 
give an insight into the genesis of calculi seen clinically 

Fourteen rabbits (Experiments 56 to 69) were fed oxamid orally in 
capsules m doses of 0 4 to 0 8 gm , daily Five dogs (Experiments 118 
to 122) were fed oxamid in doses of 2 gm , daily, by the same method 
The results are given in Table 3 


TABLE 3 —Experimental Feeding or Fourteen Rabbits and Four Dogs 


Rabbits 

Experi 

ment 


56 

57 

5S 

59 

60 
61 
62 

63 

61 

65 

G6 

67 

68 
69 

Dogs E\ 
periment 
118 

119 

120 
121 
122 


Duration 
of Life, 
Dijs 


10 

10 

17 
7 

18 
26 
17 

26 

10 

41 

7 

20 

20 

25 

Montlis 
and Dais 
9 5 

5 10 


36 

14 


Onmid 

Fed, 

Gm 


8 

8 

11 
4 8 
12 8 
13 4 
90 

96 

8 

28 

10 

28 

28 

20 


130 

140 

324 

40 

20 


Cause of 
Dentil 


Coceidiosis 

nephritis 

Nephritis 

Nephritis 

Nephritis 

Nephritis 

Nephritis 

Nephritis 

Pneumonia 
Pneumoni 1 

Accident'll 
Accident 1 
Ether 

Ether 

Pneuomn n 


Ether 

Accidental 

Nephritis 

Pneumonia 

Pneumonia 


Sediment Concretions, and 
Location Found at 
Necropsy 


Two minute concretions in right pelvis, 
sand in left , 

A few particles of sand in left pelvis, stone 
in the bladder .. 

Minute concretions in both pelves (Mg u 

Fine sand in right pelvis, left clear 

Fine sand m calices of both sides 

Right P p<dvis clear, a few fleets of sand in 
left 

A° few* flecks of sand in right pelvis, left 

ShghT amount of fine sand in both pelves 

Smaffstone mnght ureter and sediment in 

A r, f^ wjs -r& 

Righfpelvis clear, kidney shows erystafime 
infarcts m left pyramids, a few small 
stones 

w> «'■ “i™ 

StS5“»'both Judnejs and meters 

Small stones in both kidneys 

Crystalline infarcts in right kidnej^ 
small stones in right pelvis, left c 


* Oxamid not given three months before death 

After an interval varying from a few days to several months, yellow 
crystalline material, varying from traces of fine sand o c ^ 

1 cm m diameter, appeared irregularly m the kidneys, t ^ 
bladder of about 75 per cent of the animals C ° ncr ™ tS of the 
magnitude to be considered stones occurred in *^ 50 * ^ ^ 

animals Smaller deposits were the rule The P showe d 

bilateral, with no preference as to side ie arger * ye 0 f deposi- 

defimte radial striations and concentric markings sugg 
der Entste- 

3 Rosenbach Knt.scl.er »„d ecper.n.entelle Be.tra g e rn 19 „ 

hung der N.erenst..ne, M.tt a d Grenrgeb d Med n Ch.r 
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txon m layers (Fig 2) The deposits were more often multiple than 
single Five animals (about 25 per cent ) did not have deposits after 
long feeding The passage of sand and smaller concrements was found 
in all animals from which twenty-four hour specimens of urine were 
collected by means of metabolism cages Cultures from the kidneys and 
from the urine were consistently sterile The animals often lost weight, 
especially on long feeding All showed variable toxic degenerative 
changes m the epithelium, and increase m the vascular injection of the 
liver and kidneys The liver especially was firm, with an increase m 
fibrous tissue m the experiments of longer duration No intracellular 
crystalline deposits or stones m the renal parenchyma were noted 
Albuminuria, without pus, casts, or red cells, was a constant finding 
In several instances, an atypical reduction of Fehhng’s solution was 
observed, but a true glycosuria was never demonstrated 

The reaction of the urine, as roughly determined by litmus, seemed 
not to affect the process , some of the animals had acid urine, others 



Fig 2 — Fragment of an oxamid stone showing radial markings and the 
deposition in concentric layers , X 200 

alkaline Three rabbits (Experiments 78 to 80) were fed 1 gm of 
sodium benzoate, daily, with the oxamid , the urine was usually acid , 
two had a model ate amount of oxamid deposition Four rabbits 
(Experiments 81 to 84) were fed 1 gm of magnesium oxid, daily, with 
the oxamid , the urme was consistently alkaline One of the animals 
developed definite concretions in the kidney and others showed traces 
of sand 

Extending the duration of feeding, increasing the daily dosage of 
oxamid to 10 gm (Experiments 67 to 76), varying the fluid intake m 
twenty-foui hours (Experiments 69 to 75) seemed not to produce, 
within wide limits, quantitative change m the amount of oxamid deposi- 
tion found m the urinary tract at necropsy (On complete with- 
drawal of water the excretion of oxamid decreased as the experiment 
approached termination ) Toxic nephritis produced b\ mercuric 
chlorid (Experiments 85 and 86) likewise had no apparent effect on 
the process 
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The Cvystallogi aphtc Featuies of Oxamid Lithiasis — In a former 
publication 4 it was noted that Ramey, 5 6 Ord and Shattock c and others 
have suggested a relationship between calculi and abnormal crystalline 
forms which had occurred when the crystalline material was deposited 
from gelatinous or colloidal mediums Within from twenty-four to 
thirty-six hours aftei the feeding of oxamid to animals, abnormal 
crystals appeared m the voided urine These were variously pigmented, 
the color ranging from a light brown to a brownish black The crystals 
were doubly refractile m the daik field where the brownish-black color 
was found to be leally a deep orange The morphology of the crystals 
can be appreciated readily by referring to Figures 3 to 6 Many of the 
crystals weie isolated and single Others were clumped together some- 
what after the manner of agglutinated blood cells However, dotting the 



Fig 3 (Experiment 61) — Difterent phases of crystalline morphology * n 
sediment of a rabbit fed oxanud, simple crosses, crosses with the interbrachial 
spaces partly filled, square forms, and spherical forms , X 200 


field in numbers varying with the specimen were masses of crystals m 
every degree of coalescence and fusion There were, in the different 
specimens, a number of morphologic varieties of crystals All seeme 
to be developed from a simple crosslike form (Figs 2 and 3) There 
were crosses with smooth arms and crosses with rough pointed arms, 


4 Keyser, L D , and Braasch, W F The Etiology of Urinary Litlnasis 

Collective Review, Surg, Gvnec & Obst, Internat Abst Surg 34 1-1 . -- 

5 Rainey, G, quoted by Ord, W M and Shattock, S G On the Mic 

scopic Structure of Urinary Calculi of Oxalate of Lime, Tr Path Soc , on 
46 91-132, 1895 , . c hat _ 

6 Ord, W M, and Shattock, S G Footnote 5, second reference 
tock S G On the Microscopic Structure of Uric Acid Calculi, Froc 
Soc Med 4 Path Sect 110-146, 1911 
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crosses with the interbrachial spaces roughened and partly filled out, 
squared forms which seemed to be crosses with the interbrachial spaces 
entirely filled, and, finally, spheres, rough and smooth on their surfaces 
These seemed to be a rounded variety of the squared form and the 
end-product of development of the cross The perfect smooth sphere 
appeared umbihcated and radially striated (Figs 5 and 6) The size 
of the crystals varied from microscopic dust to crystals from 40 to 
50 microns in diameter All the varieties of crystal form were found m 
states of fusion to some degree, but m this connection several features 



Fig 4 (Experiment 61) —Little tendency to fusion of crystals in urine of a 
rabbit fed oxatnid, at necropsy there was no deposit in kidneys or bladder 

v/ i rn J 1 


were noted earl) and were confirmed by a daily study of urinary sedi- 
ments from many animals 

There was a tendency for all the forms to coalesce and fuse, but this 
was greater the more near]) the crystal approached the spherical form 
Likewise, the smaller the crystal and the lighter its pigmentation the 
more often was it found fused with other crystals The converse was 
also true The closer the crystal approached the cross form, the larger 
it was and the greater its pigmentation, the greater were its chances 
of being isolated and unfused with other crystals 
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Smaller concretions found m the kidney or passed in the urine were 
found to be made up of crystals of the type just described In the 
larger concretions the individuality of the crystals was found m some 
degree to be lost , but even here on crushing the stone, particles resem- 
bling crosses and sphencal forms were observed (Fig 7) 

Every animal fed on oxamid passed almost all the different morpho- 
logic varieties of crystal types , but there was a great tendency for one 
type or the other to predominate Depending on this, to some degree, 
was the likelihood of finding calculi in the kidneys at necropsy Putting 
this m another way, it was noted that animals with urine in which small, 
light-pigmented, smooth or rough spheres predominated would show 



Fig 5 (Experiment 68) —Large smooth spheres showing a tendency to 
remain isolated From the urine of a rabbit fed oxamid, X 100 


larger particles of sand in their twenty-four hour specimens, and the 
deposits found at necropsy would be of the larger, harder type How 
ever, the animal with a predominance of large, dark-brown spheres or 
crosses alone (associated with few spheres m the microscopic e 
would pass only finer particles of sand and tvould present onl) 
grains of sand or smaller soft concretions m the urinary tract a 
necropsy Thus there seemed to be some relationship between the PP e 
of crystal and the size and kind of calculus formed 

The Chcmisti y of Ox amid Its Reactions in Ui me The Chemist ! ) 
of Oxamid Stones— A rather superficial study of the chemistry 
oxamid and its reactions m vitro m the untie of normal amnia .s i 
human beings has given some results which appear to me P 
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Fig 6 (Experiment 68) — Agglomerations of small, light colored crystals 
from urine of a rabbit fed oxamid, the larger dark crystals tend to remain 
isolated, X 100 



big 7 (Experiment 68) A large agglomeration or beginning calculus 
composed of small spheres and crosses m urine of a rabbit fed on oxamid, 
X 100 
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enlightening in their relationship to the formation of oxamid stone 
Oxamid is the diamid of oxalic acid, having the formula f° NH 

While insoluble m cold water, it goes into solution slowly in boiling 
water and is gradually hydrolyzed by further boiling to ammonium 
oxamate and later to ammonium oxalate Acids or alkalis hasten this 
hydrolysis As prepared synthetically by treating an oxalate ester with 
ammonia, it consists of small irregularly rhomboidal, fissured, trans- 
lucent, coloi less crystals which at times show split and roughened 
ends (Fig 8) 

Oxamid stones, as has been noted, show all degrees of structure 
from fused aggregations of crystals, individual units of which may be 



Fig 8 — Crystals of pure o\amid synthetically prepared, X 300 

distinguished on crushing and examining under the microscope, to more 
solid, completely fused forms in which the identity of the individual 
crystals is almost, if not quite, lost 

These concretions give the reactions of oxamid, yielding ammonium 
and oxalate ions on prolonged boiling in water or on dissolving m 
acid or alkali They also contain an organic pigment material tie 
identity of which has not yet been established 

Effect of Unne m Vitio upon Morphology of Oxamid Crystals — 
Synthetic oxamid heated with urine of human beings dissolves at from 
90 to 100 C m an average quantity of 50 mg to 10 c c of urine ar 
of it is undoubtedly hydrolyzed and is not reprecipitated on cooling 
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However, some of it is reprecipitated, and this precipitate examined 
microscopically gives a surprising result The crystals have become 
pigmented and have assumed the forms which we have noted m the 
crystals passed m the urme of animals fed on oxamid Also there is 
a corresponding visible diminution in the pigmentation of the urine 
from which the crystals have been precipitated All types of oxamid 
stone-formmg crystals have been noted under such conditions from the 
simple cross to the sphere (Figs 9 and 10) 

If the artificially prepared stone-formmg crystals or the sediment 
from the urine of oxamid-fed rabbits is boiled with water, a clear 
pigmented solution is obtained If this solution, while hot, is filtered 
several times through a heated charcoal filter, the pigment and possibly 



Fig 9 — Deposit obtained when synthetic oxamid is dissolved in boiling 
urine and allowed to precipitate on cooling The crystals are the developing- 
cross type, they are pigmented and show marked tendency to fuse into small 
agglomerations This sediment is indistinguishable from that in the urine of 
rabbits fed on oxamid (Fig 7) , X 300 

other organic colloids are removed If this is done from ten to fifteen 
times, the precipitate obtained on cooling comes to assume an entirely 
altered form The crystals are colorless and approach very nearly the 
form of synthetic oxamid crystals 

Poj illation of Fusing Oxamid Ci ystals f> out Uune in Vitto — An 
experiment which seemed to answer the question with regard to the 
process of the foiniation of oxamid stone consisted of repeated pre- 
cipitation of increments of oxamid from the urine of human beings or 
of animals into the same test tube oier a period of dais thus obtaining 
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fusion of crystals Small concretions have been produced which micro- 
scopically and chemically, judged by simple tests, resemble small oxanud 
concretions found in the urinary tract of animals fed with the drug- 
(Fig 11) 

Comment — The process that takes place in the urinary tract of the 
animal may be repeated m the test tube, and, further, it is possible to 
extract, by a sort of fractional absorption, the pigment material from the 
crystals deposited by oxanud-fed animals, under which conditions a 
reversion to a simpler ciystalhne form takes place Whether the pig- 
ment alone is responsible for the change, or whether there are other 
organic materials present, has not been determined However, one 
conclusion may be held as established The oxanud concretion is the 
pioduct of a normal colloidal mechanism of the urine, in other words, 
oxanud being secreted into the mine of animals is precipitated so that a 
loose physicochemical union with organic materials (probably normally 
present in the urine) takes place As a result of tins unstable union 
the crystalline form is changed and individual crystals tend to coalesce 
with one another and become fused I have seen this process in every 
stage, both m the test tube and m the unne of oxanud-fed animals It 
speaks emphatically for a colloidal precipitation mechanism in the 
formation of conciements 

The action of normal urine is specific so far as causing fusion of 
oxanud crystals is concerned This is certainly not the case with crystals 
of oxalates, urates, and so forth, passed noimally by human beings 
The urinary colloids tend to keep these crystals sepaiate, unfused, and 
isolated under normal conditions But oxanud is a crystalline material 
foreign to the normal urmarjr tract, and the only crystalloid known that 
can be concentrated in the urine m massive amounts over an extended 
period of time by feeding The oxalate experiments most nearly 
approached this , but oxaluria was not obtained m any degree com- 
parable with oxamiduna Once by forcing the dosage of butyl oxalate, 
abnormal crystals and concretions were obtained, but this experiment 
could not be repeated 

That the sole factor is not the intensity of the oxamiduna is shown 
by the fact that the animals formed concrements in a short tune, an 
with small doses Within wide limits the dosage or duration of feeding 
seemed to play little part Hence it must be assumed that the urine 
is unable to handle oxanud excretion The very colloids that enab e 1 ^ 
to carry in solution uric acid, oxalates, phosphates, and so forth, mat 
cause it to throw the foreign oxamid from solution m the form o 

crystals m all states of fusion * 

This conception of the formation of oxamid stone diners 
from that of Ebstein, who believed that the oxamid was retaine m 
cells of the straight tubules of the kidney and that its deposition aro 
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l'ig 10 — Oxamid crystals deposited m vitro from urine in which the syn- 
thetic chemical was dissolved by boiling, showing the perfect smooth sphere 
and no tendency to fusion , X 200 



Tig 11— \ small oxamid concrement formed, in vitro, by repeatedly precipi- 
tating oxanud from human urine This is a dense form indistinguishable from 
rarticles shown m Figure 7, X 50 
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these dying cells gave origin to stones In this investigation intra- 
cellular deposits of oxamid in microscopic sections, either with fresh 
frozen tissue, with frozen fixed tissue, or with paraffin sections, were 
not seen, neither was epithelial debris impregnated with oxamid noted 
Ebstein probably paid more attention to the toxic nephropathy than to 
the crystallography of oxamid m urme and to this may be attributed 
the difference m results 

The deductions made for the oxamid concrement formation are 
obviously entirely m harmony with the work of Rainey, Ord and Shat- 
tock, Fowler , 7 Schade , 8 and with clinical experience with urinary, 
biliary, and other concrements 



Fig 12 (Experiment 68) — A small crushed concrement m the urine of a rab- 
bit fed oxamid It consists of small light colored crystals which have coalesced 
and fused, X 100 


SERIES 6 A STUDY OT ANATOMIC OR MECHANICAL FACTORS IN THE 

PRODUCTION OF OXAMID CALCULI A POSSIBLE CLINICAL ANALOGY 

After the type of mechanism fundamentally at fault m the production 
of oxamid calculi had been established, by analogy it was suggested that 
an abnormal colloidal mechanism m the urme is at work primarily ,n 
the formation of concrements seen clinically Therefore, it became a 
matter of immediate interest to see how anatomic or mechanic factors 
would alter the picture, thus throwing light on the reason why stasis, 
diverticula, organic nuclei, and duplication of surfaces are so o en 
associated with stone, but are also more often unassociated 


7 Fowler, H A The Microscopic Structure of Urinary Calculi S^Uns 
of Lime, with Special Reference to the Spiculated Variety, Johns P 

Hosp Rep 13 SS/-S69, 1906 TTnfct(>hunfr der 

8 Schade H Beitrage zur Konhrementbildung I Zur Ents e 

Harnsteme, Munchen med Wchnschr 56 3-7,77-80, 1909 
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It should be recalled that only 50 per cent of the animals presented 
stones at necropsy, and 25 per cent showed no trace of oxamid deposit 
Two animals fed for as long as twenty-six days showed no deposit, 
another fed for six months died three months later No oxamid deposit 
was found It should also be recalled that undoubtedly most of the small 
fused masses of oxamid crystals are washed on and voided with the 
urine Furthermore, every animal fed on oxamid presented sand in 
the urine at some time or other, while in all states of fusion crystals 
were consistent, the degree of fusion depending on the crystal type 
predominant What then causes the retention of the precipitate that is 



Fig 13 (Experiment 121) — Kidney of dog fed on oxamid showing how the 
calices are attached to the renal parenchjma m kidneys of the dog and rabbit 
The little pockets behind the free margins are the first sites of oxamid 
deposition 

to grow to the laiger stone’ Obviously, stasis, diverticula, and surface 
duplication, as powerful accessoiy factors in holding back the fusing 
ciyslals, aie to be considered In proof of this conception, so far as it 
i elates to the oxamid calculus, the following observations are offered 
1 The first site of deposition of oxamid in the kidney of the dog or 
rabbit was nivaiiably m the lanufications of the calices, along the line 
of attachment of the pelvis to the renal sinus In the rabbit and dog, 
there is a tin} pocket behind the cusp of the free margin of the calix 
(Fig 13) in which the concietions were usually found This is dupli- 
cated surface and a point uhere the normal urinary stream and the 
musculature of the pelvis probabh exert less force m washing crystalline 
material onwaid The tendency of smaller urinary concrements m 

human beings to he m the minor calices should be recalled m this con- 
nection 
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2 (Experiments 91 and 92) Under ether anesthesia and with 
aseptic technic the left kidney of the rabbit was delivered through a 
lumbar incision and the lenal pelvis exposed With a tine needle, twenty 
punctures of the pelvis were made m different aieas, care being taken 
to pierce thiough and through each tune The bleeding was conti oiled, 
the kidney replaced, and the wound closed 

On feeding oxannd to two animals thus treated, an excess of deposit 
of oxamid and large concretions were found on the left or traumatized 



Fig 14 (Experiment 96) —Marked deposit of oxamid in left kidn y 
rabbit fed oxamid nine days as the result of low-grade stasis cause y 
band around the left ureter The untreated right kidney is clear 


side, on the untreated right side, no deposition was found m either 
instance Here the pelvis was roughened and produced a minute u 
cation of surfaces, m all probability with microscopic diverhcula 
tures from the kidneys of both of these animals were entirely ne S 

3 i„ order to determine the effect of hydronephrosis and stasis 

alone, a rubber band was placed around the left ureter -so as o ^ 
strict it slightly (Experiment 93) The animal was 
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oxamid, daily, for eight days At necropsy hydronephrosis on the left 
side without oxamid deposit was found This was also found to take 
place in several preliminary experiments, which were performed m 
trying to establish the technic Hence it was concluded that the ureter 
on the left side had been constricted to such an extent as to interfere 
with the pressure equilibrium of urinary secretion , thus, neither the 
oxamid nor other material had been secreted on that side The technic 
was then modified A left abdominal incision was made, the left uretei 



Fir 15 (Experiment 90) — Kidnejs of a rabbit fed oxamid, showing the 
formation of an oxamid calculus around an organic nucleus or foreign bod} 
(muscle tissue), prewoush placed in the left renal pelws A striking example 
of the role pla\ed b\ stasis duplication of surfaces, and minute dnerticula 
The right untreated kidney is clear 

exposed, and a rubbei band placed xnugh around the ureter No effort 
\\ as made to constrict the ureter The periureteritis and sw elling which 
took place in consequence of the presence of the foreign body (rubber 
band) was depended on to constrict the ureter slightly On feeding 
oxamid to rabbits thus treated (Experiments 94 to 96), stones and a 
marked increase m deposition of sand on the treated side w ere obtained 
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consistently m a few days On the untreated right side only a few flecks 
of oxamid were found m any instance One animal (Fig 14) had been 
fed only nine days The treated left side was filled with sand and 
minute concretions The untreated right side was clear This is a 
striking demonstration of the role which stasis plays m the retention of 
fusing oxamid crystals and in the growth of oxamid stones 

4 In Experiment 97 the left kidney was opened with a nephrotomy 
incision A piece of blood vessel silk was placed on the cut surface, 
running from the tip of the pyramid to the cortex The free end was 
allowed to remain m the pelvis of the kidney The animal was fed 
0 8 gm of oxamid, daily, foi twenty-nine days At necropsy the left 
kidney was filled with several small stones and the thread was encrusted 
with a deposit of oxannd The right untreated kidney also contained 
deposit but much less than the left 

Evpeuments 88 to 90 — Under ether anesthesia the left kidney was 
exposed thiough a lumbar incision and a nephrotomy performed Bits 
of muscle and fascia were placed in the renal pelvis and the incision 
closed Three rabbits thus treated were fed on oxamid They lived thirty 
days, nine days, and fifty-four days, respectively In every instance the 
tissue became encrusted with oxamid deposit, and in Experiment 90 a 
concretion developed which entirely filled the renal pelvis and measured 
0 5 by 1 cm This concrement lay in a pool of pus from which a gram- 
positive staphylococcus was demonstrated on culture The rabbits that 
lived for nine and thirty days gave negative cultures from the kidneys 
and urine Hence it may be concluded that the piesence of infection m 
Experiment 90, in which the animal lived fifty-four days, was due to 
secondary invasion of bacteria to the area of lowered resistance pro- 
duced by the presence of the foreign body (Fig 15) 

SUMMARY OF CONCLUSIONS CONCERNING THE FORMATION OF OXAMID 
CALCULI AS DEDUCED FROM SERIES 5 AND 6 

1 Oxamid fed to animals is specifically precipitated from the urine 
by a normal colloidal mechanism in such a way that the unit crystals ten 
to fuse, probably in loose chemicophysical union with certain of tie 

colloids . 

2 The concretions formed as the result of this fusion have tie 

general physical features of calculi seen clinically 

3 The process is sterile at least at the beginning 

4 A considerable amount of the material thus deposited is passe 
on with the urine , but an occasional fragment is retained m the ca ices 
or at points where the adhesive force between the minute fragmen 
the epithelium of the urinary tract is great enough to resist t le orce 

the urinary stream 
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5 Duplication of surfaces, diverticula, stasis, hydronephrosis, of 
such a degree as not to upset markedly the pressure equilibrium of 
urinary secretion, and organic nuclei greatly enhance the chances of 
retention of the fusing crystals and m this manner foster the formation 
of larger stones 

6 Oxamid concretions while sterile at the outset probably act after 
a time as foreign bodies and invite bacterial invasion which may m turn 
cause an increase m concrement growth 

SERIES 7 THE INTRODUCTION OF INFLAMMATORY EXUDATES INTO 

THE URINARY STREAM BY MEANS OF EXPERIMENTAL RENAL 
INFECTION THE INFLUENCE OF SUCH EXUDATES UPON THE 
DEPOSITION OF CALCIUM OXALATE AND THE PRODUC 
TION OF SMALL CONCRETIONS BY SUCH METHODS 

After the mechanism of the formation of oxamid stones had been 
established, at least m principle, it was felt that an analogous piocess 
must take place m calculi seen clinically in human beings In the urine 
of normal animals when the saturation limit for oxamid is reached 
(0 02 to 0 03 gm for each 100 cc ), 9 there is precipitation of fusing 
crystals This is not the case with oxalates, urates, and so forth, which, 
their saturation limit having been reached, are precipitated as isolated, 
unfused units 

What if abnormal colloidal material such as that contained in pus 
or inflammatory exudates is introduced into the urinary stream 7 Will 
the normal precipitating mechanism of the urine be disturbed 7 Under 
such condition what will be the lesult of the concentiation of oxalates 
m the unne m Senes 2 7 Inflammatory exudates contain aimno-acids, 
albumin, nucleopiolem, albumoses, proteoses, peptones, enzymes, lecithin, 
fat, cholesterol, and punn bodies, held for the most part m colloidal 
solution Most of these materials are present m normal urine m traces 
or not at all 

Experiments 35 to 49 — Minute doses of colon bacilli (twent)-four 
bom and old cultures) Mere injected directly into the left kidney of 
rabbits by means of needle punctuie, the kidney was located by palpa- 
tion under anesthesia Four-tenths gram of sodium oxalate was fed 
dad) to tlui teen rabbits In Experiment 49 0 5 c c of but) 1 oxalate was 
gn en daily The fourteen rabbits developed suppurative pyelone- 

9 In Experiments 67 and 6S the oxamid output was determined bj hvdrol- 
vsis to oxalic acid and quantitatnch bj means of a modification of the 

utenreith-Barth technic lor tins material The twent\-four hour specimens 
T! " nne contained from 002 to 0 03 gm of oxamid (as oxalic acid) for each 
ITO cc after the sediment had been removed b% filtration (Brugsch, T, and 
<-C mtuihchn, \ Technik der spezietlen klinischen Untersuchungsmetboden 
mrhn Urban und Schw arzuiberg 191-1 pp 783-784 ) 
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phntis which caused their deaths after a period varying from several 
days to two weeks Three animals of the senes (Expenments 35, 36 
and 44) had atypical ciystalline deposit m the calices , the largest 
deposit was about 0 5 mm m diameter Crystalline deposit was not 
found m the kidneys of the remaining animals The crystalline 
morphology of the calcium oxalate excreted under such conditions lias 
not yet been determined In Experiment 49, m which butyl oxalate vas 
fed after the injection of a stool culture from the rabbit into its own 
left kidney, a number of atypical crystalline particles were seen in the 
urine Howevei, no concretions weie found 


SERIES 8 THE PRODUCTION OF A MINUTE CONCREMENT 
BY MEANS OF TRAUMA AND INFECTION 

Cushing, 10 m 1899, traumatized the gallbladder of a dog and soon 
thereafter introduced into a vein an attenuated culture of typhoid 
bacilli An acute cholecystitis ensued and minute concrements were 
found m the gallbladder This suggested a similar experiment on 
the kidneys 

Ejipenment 50 — A left nephrotomy was made on a rabbit through 
a flank incision, under anesthesia and aseptic conditions The renal 
pelvis was thoroughly traumatized by pinching with mosquito forceps, 
the kidney and wound were then closed One cubic centimeter of a 
twenty-four hour culture of colon bacilli, which had been obtained from 
a calculus removed clinically, was injected into the vein of the ear The 
rabbit died after eight days Acute pyelonephritis and several small 
doubly refractile bodies, about 0 5 mm in diameter, were found in the 
calices at necropsy The crystalline bodies were not associated with the 
line of suture Repeated efforts to duplicate this result (Experiments 
51 to 54) have proved futile Whether the strain of bacteria which 
was associated with the concrement in Experiment 50 was that of a 
specific stone-producing bacillus, which lost its power m subculture, or 
Avhether the concretions were encrustations on necrotic tissue is an open 
question A conclusion cannot be drawn from a single experiment 
which cannot be repeated 


CONCLUSIONS FROM SERIES 7 AND S 
Inflammatory exudates are associated possibly experimentally with a 
change m morpho’ogy of calcium oxalate crystals when depositee m 

10 Cushing, Harvey Typhoidal Cholecystitis and Cholelithiasis Dis^ssw 
of a Possible Agglutinative Reaction of the Bile and Its Relations to 
mation, Bull Joins Hopkms Hosp 9 91-95. 1898. Obsess a.,o»s i upon to 0U 
of Gallbladder Infections and upon the Experimental Formation of 
ibid 10 1 66-168, 1899 
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urines containing such exudates Sevei al small concretions made up of 
atypical fused ciystals have been obseived under such conditions 

CONCLUSIONS l'ROM THE ENTIRE EXPERIMENTAL STUDY 

1 The difficulty with which calcium salts, oxalates, urates, and other 
noimal crystalline deposits of the urine are increased to any appreciable 
degree by various methods of administration has been pointed out The 
only marked increase in visible crystals has been attained by feeding 
oxamid, a material foreign to the urine of animals From this it would 
seem that an exogenous or dietary increase m crystalline materials would 
not produce a corresponding pathologic increase of these materials m the 
urine On this basis, oxalunas, phosphaturias xanthinunas, cystinurias, 
and excessive uric acid output must be more of endogenous than of 
exogenous origin Some defect of metabolism by which the colloidal 
content or hydrogen ion concentration of the urine is altered, rather 
than a defect of diet, is at work 

2 Of the four methods by which artificial concretions have been 
obtained, only the feeding with oxamid ga\e consistent results There 
were suggestive features in connection with the other experiments which 
pointed to the working of some abnormal precipitation mechanism 

3 Oxamid, a crystalloid foreign to the urinary tract, on being 
excreted, finds no mechanism present to keep its crystals separate as 
morphologic entities Rather it is precipitated with colloidal material 
of normal urine m such a way that fusion of crystals and concrement 
formation ensue 

4 Mechanical factors are effective, at least, in the case of oxamid, m 
promoting retention of crystals and growth of the stones , but they are 
not essential to the process 

SUMMARY 

The work with regard to establishing the cause of calculus formation 
has only begun, and all one can hope to do is to arouse interest in a 
field of research which has received little attention for a number of 
years However, the preceding studies have suggested several ideas 
which seem consistent with clinical and experimental facts 

A Protective Mechanism Against Stone Foi motion — Why are not 
stones formed in the urinary tract of all animals? The human being 
puts out, on an average, from 2 to 4 gm daily of material which yields 
precipitates practically insoluble m water What prevents the water- 
msoluble materials from being precipitated and becoming encrusted on 
the walls of the urinary tract, or clogging it with concretions, just as 
pipes carrying lime water become covered with calcium carbonate scale? 
Obviously, nature has provided a defensive mechanism against such 

deposits m animal excretory organs, more particularly m the urinary 
tract 
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1 Natuial Defense Against Excessive Concent) ation of Uunciiy 
Ciystalloids — Clinically -and experimentally, it has been found that 
overconcentration of normal urinary crystalloids by dietary means is 
practically unknown It is probably impossible Nature has provided 
this defense against excessive crystalline deposition in the urinary tract 
as our first line of defense against stone production 

2 Pi otective Colloids — The ability of the urine to hold m solution 
a moderate quantity of material which is piactically insoluble in water 
constitutes a second line of defense against calculus formation This 
propei ty of the urine is related to the hydrogen ion concentration and 
to the presence of protective colloids, as emphasized by Lichtwitz 11 

3 Pi ecipitation of Ciystals as Isolated Units — The third factor of 
stone prevention lies in the ability of the urine, when it becomes super- 
saturated, to deposit its crystalline material in isolated, morphologically 
complete, ciystal units which have no tendency to fuse 

4 The Foi m and Activity of the Unnaiy Tiact — The fourth 
natural protection against the formation of stone may be found m the 
anatomy of the urinary tract The calices lead to the pelvis with open, 
unobstructed orifices , the pelvis is funnel-shaped and actively contractile, 
as are also the ureter and bladder, all tending to push any foreign body 
forward with the urine It is remarkable that so early a writer as 
Aretaeus 12 was familiar with this natuial defense, for he says, “Natuie, 
therefore, did well in foinung the cavity of the kidneys oblong, and of 
equal size with the ureters, and even a little larger so that if a stone 
foimed above, it might have ready passage to the bladder” So if, m 
spite of our fiist three mechanisms, namely, the metabolic protection 
against excessive concentration of urinary crystalloids, the protective 
colloids, and isolation of crystals, we should have a formation of small 
deposits of fused crystals, then this fourth active exti tiding factor would 
come into play This idea is borne out by the frequent passage of small 
multiple stones and sand which is often seen in patients 

The biliary tract, in this connection, is not such an open system 
The inactivity of its contractions, its sinuses of Luschka, valves of 
Heistei, tortuous cystic duct, ampulla of Vater, and sphincter of Odci, 
all offer obstruction to the extrusion of crystalline deposits This ma) 
be a significant factor in explaining the greater frequency of gallstones 
than of urinary concretions 


11 Lichtwitz, L Untersuchungen ueber IColloide im Unn II 
Beziehungen der IColloide zur Loeslichkeit der Harnsaeure un ' arnsa , ] 
Salze, Ztschr f physiol Chem 64 144-157, 1910, Lichtwitz L and Roseau ^ 
O Untersuchungen ueber IColloide im Unn I Ueber Kolloide i 


menschhchen Unn, ibid 61 112-118, 1909 

12 Adams, F The Extant Works of Aretaeus 
Syndeiiham Soc, 1856, pp 340-343 


, the Cappadocian, London 
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Except in the case of xanlhin and cystm calculi, no metabolic error 
has ever been demonstiated to be associated consistently with hthiasis 
In gout, oxaluria, and phosphaturia, our natural defenses against stone 
foimation aie actively at work As a lesult, stone is the exception in 
such cases and not the l ule 

Cystinuna and xanthuiia present unusual ciyslals in the urinary 
stieam Their sinnlanty to our aitificial oxamidutia m this respect is 
notewoithy Heie again it may be conceived that the urinai y colloids 
and precipitating mechanism are inadequate properly to handle cystm 
and xanthin, and a tendency to the foimation of stone is the lesult 

Calculi Due to Abnonnal Colloidal Mattel m Unite — There seems 
to be no other leasonable explanation than that the foimation of calculi 
is due to a disturbance of the normal colloidal mechanism of the urine, 
either m holding watei -insoluble matenals m solution or m precipitating 
crystals as isolated entities This disturbance may be due to quantitative 
or qualitative change m the colloids noi maliy pi esent, or to the entrance 
of abnormal colloids to the mine, either fiom the blood stream or as 
products of local disease in the kidney The lattei oiigm seems most 
likely 

Specific Euidatcs fiom Specific Infection, the Souice of Stone- 
F 01 tiling Colloids — The fact that pus and exudates of bacterial origin 
aside from nephritis, are the most common known sources of pathologic 
colloidal material in the mine makes it seem likely that these constitute 
the factors by which the normal minary precipitation mechanism is 
most frequently upset 

Inflammatory exudates contain albumin, nucleopi otein, lecithin, fatty 
acids, and other colloids which are foreign to the urinary tract In 
consequence of the presence of these pathologic colloids, crystalline 
material is deposited abnormally The crystalline material is combined 
with the organic colloidal material, and when deposited assumes atypical 
shape and physical structure Furthermore, these crystals no longer 
remain isolated but tend to fuse These fused bodies are for the most 
part passed on with the urine, but some are retained Other crystals 
soon become deposited on the retained mass, and thus a concrement 
arises 

One point should be emphasized Not every abnormal colloid intro- 
duced into the urinary stream will be associated with atypical crystalline 
deposits or stone Were this the case, nephritis and pyelitis would con- 
sistently be associated with stone This leads us again to but one 
conclusion The stone forming colloid must be specific, and if due to 
bacteria the bacteria which produce it must be specific 

Thus we go back to the doctrine of Meckel von Hemsbach who, m 
1856, conceived of a “stone-forming catarrh ” The demonstration of 
the elective action of bacteria in different diseases and especially m those 
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of the kidney, the experimental production of gallstones, of alkaline 
phosphatic cystitis, and within the last few months, of renal concre- 
tions by the methods of Rosenow , 13 almost add the final word to this 
idea of concrement formation 

Possibility That Calculi Ate Occasionally Due to Nomnf actions Col- 
loidal Changes — In spite of the abundant evidence for a bacterial 
etiology of stone, it is possible that some calculi are not due to infection 
Urinary crystalloids may be excreted m such excessive amounts that the 
normal urinary colloids cannot handle the burden and keep the indi- 
vidual crystals isolated 

On the other hand, qualitative or quantitative changes m the urinary 
colloids may sometimes be brought about by causes other than bacterial 
infection Such changes might rarely lead to the deposition of fusing 
crystals and consequent formation of stone even though the urinary 
crystalloid excretion remains within normal limits 


The Role of the Mechanical Factois — In stasis, surface duplication, 
organic nuclei, and diverticula are seen conditions which do not cause 
stone but which, if the cause of stone is present, will greatly favor its 
growth This has been demonstrated to be the role of mechanical fac- 
tors in the case of oxamid, and all clinical evidence supports such a view 
for calculi in human beings 

Clinical Application — The clinical application of this conception of 
calculus formation strengthens the experimental data The stone- 
forming kidney becomes easily understood The infected kidney pours 
abnormal colloids into the urine These cause constant precipitation 


of crystalloids and fusion of the crystals precipitated It may be seen 
readily why the removal of such a kidney is so seldom attended by 
recurrence of stone, why the recurrence of stone in the infected bladder 
is so frequent, why bad teeth and tonsillitis, conditions of loweied 
nutrition, states of inactivity, alcohol or carbohydrate fermentation m the 
stomach, and other conditions of lowered bodily resistance are accused 


by various authors of playing a part in the process of litluasis 
Difficulty is encountered when an attempt is made to explain the 
high incidence of stone m persons living m India and China, the 
association of uric acid gravel and uric acid infarcts m children, the 
alleged association of stone with previous injuiies to the vertebra 
column and spinal cord, and other similar more obscure features o 
litluasis A tentative explanation is the fact that certain physica , 
climatic, geographic or physiologic differences at times lower the resis 


tance to stone- forming infections 


13 Rosenow, E C , and Meisser, J G 
Production of Chronic Foci of Infection 
78 266-267 ( Jan 28), 1922 


Nephritis and Urinary Calculi After 
Preliminary Report, ] A - 
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Attention should be called also to the occasional instances of 
spontaneous disintegration of calculi Enghsch 11 collected more than 
100 such cases which he considered authentic and a number of others 
which weie questionable llns phenomenon has been explained as 
due to a lesolution of the organic framework, or matnx, of the stone 
Rosenbach showed that the kidney stones of man placed in the renal 
pelvis of animals diminished in size This suggests that solution of 
the organic matnx may take place under unusual circumstances 

conclusions 

The biochemist and physiochenust must lead in the study of the 
complexities of action of urinary solvents and the states of materials 
held in solution As yet, knowledge of the urinai y colloids and pig- 
ments is very slight, in a true physiochenucal sense In trying to 
deal with problems of this kind one immediately finds the bordeilme 
of scientific knowledge 

On the clinical side, an endeavor must be made to learn what 
type of bacteria is associated with the process, and whether or not 
there are specific strains for each chemical in the calculus-forming 
group It must be decided why one patient has an oxalate and another 
a urate or phosphate calculus, why one has a single small stone for 
years, while another passes many of such size, and why still another 
presents himself with both kidneys filled with branching stones and 
without a history of ever having passed sand 

These are the broader aspects of the problem of urinary hthiasis 
It is fair to assume, however, that a proper cooperation of biochemists, 
bacteriologists, and urologists will clear up these points ultimately and 
bring the problem to a satisfactory solution 

14 Enghsch, J E Ueber spontane Zertrummernng der Harsteine in der 
Blase, Arch f khn Chir 76 961-1056, 1905 



THE NATURE OF CRANIAL HYPEROSTOSIS OVER- 
LYING ENDOTHELIOMA OF THE MENINGES 

D B PHEMISTER, MD 

CHICAGO 

Local changes m the skull overlying meningeal endotheliomas occur 
sufficiently often to make their recognition a point of considerable 
value m distinguishing between endotheliomas and other brain tumors 
Hie changes are of two types, localized bony thickening and local 
erosion 

LOCALIZED BONY THICKENING 

Much the c ommonei change is localized bony thickening Cush- 
ing 1 found that it was present m some degree m at least 25 per cent 
of his eighty cases of meningeal endothelioma Inasmuch as the 
proportion of endotheliomas to gliomas is between one to two and one 
to four (seventy-five meningeal tumois to 142 gliomas m Tooth’s 2 
series, and eighty endotheliomas to 312 gliomas in Cushing’s series), 
the detection of the hyperostosis would be of value m distinguishing 
between these two mam groups of tumors in one out of every eight to 
sixteen cases 

Vuchow, 3 m 1864, stated that he had several times noticed thicken- 
ing of the skull overlying endothelioma of the dura Fere and 
Arnould, 4 m 1887, reported a case, with symptoms of brain tumor of 
six years’ duration, and a bony thickening of the frontal region for 
eight months At necropsy the hyperostosis was found to lie over 
an egg-sized “angiohthic sarcoma,” attached to the inner surface of 
the dura and projecting into the frontal lobe 

The usual interpretation has been that the growth of the under- 
lying tumor stimulated the overlying bone, leading to nontumorous 
new bone formation, without recognition of the fact that the bone 
becomes infiltrated by tumor This has been the explanation gnen 
particularly by German writers, as Krause 5 and Kuttner Early 

1 Cushmg, Harvey The Crania! Hyperostoses Produced by Meningeal 
Endotheliomas, Arch Neurol & Psychiat 8 139 (Aug ) 1922 

2 Tooth, H H Some Observations on the Growth and Survival Perio 
of Intracranial Tumours Based on the Records of Five Hundred Cases, vit 
Special Reference to the Pathology of the Gliomata, Brain 35 61 (Nov ) 

3 Virchow Die krankhaften Geschwuelste 2 115, 1864-1865 

4 Fere, C , and Arnould, E Compt rend Soc de biol 4 220, 188 

5 Krause, F Die allgemenie Chirurgie der Gehirnkrankbeiten, u 

g 6 Kuttner, H Handbuch der praktischen Chirurgie, Stuttgart, knK 
1 410, 1921 
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lepoits of micioscopic examination of the imohed bone aie lare 
Bnssaud and Leiehoullet. 7 8 9 in 190 \ lepoited two cases which they 
consideied hemiunmosis, i c , a giow'th distui banco, associated with 
angiohthic saicoma ot the dm a, hut no nuuoscopic examination was 
made of the bone lhc\ assumed that the dm a matei dm mg youth, 
in its osteogenic capacit\ pioduced the piogiessne hjpeiostosis of the 
skull, when the giowth puiod was finished, its actmty was turned in 
anothei duection and led to the foimation of the nitramcmngeal tumor 
Paihon and Nadjcde " in 1905 lepoited a similai case and gave an 
abstract of one In Paihon and ("ioldstein 1 hc\ consideied the bony 
thickening to be of a tumorous natme, hut they ga\c no details as 
to its nucioscopic appeal mice Babes, m ,i discussion as to the relation- 
ship between the two Illinois consideied them to be of a difieient 
nature lie thought that the horn tumoi was piimai} and, by nuta- 
tion of the meninges had led to the foimation of the intradural 
psammoma 

Bailing and Leith’s" case, in 1906 was the hist published in which 
it was shown In histologic examination that cells of the same natuie 
as those contained m the inti acranial tumor wmic present throughout 
the lnpeiostosis I hey consideied that the tumoi was pnmaiy in the 
meninges, wuth secondaiy imasion of the bone by direct extension 
No mention is made of the character of the new' bone, and it is not 
stated w hethei it is bche\cd to come from the tumoi oi fiom the 
imaded skull 

Spiller, 10 m 1907, reported two cases of tumor of the duia mater, 
wuth thickening of the on ei lying bone He was the first to point out 
the fact that any pronounced local thickening of the skull is likely to 
be associated with a tumoi invoking the underlying meninges No 
pathologic report w r as given of the thickened bone, and it was not 
stated wdiether he considered the thickening a hemicramosis as it was 
considered by Bnssaud and LerebouIIet, or due to tumor invasion, 
as found by Barling and Leith, wdiose case he cited From a review' 
°f the literature, it appears that the thickened skull has many times 
been mistaken for the primary tumor and considered as sarcoma, 
osteoma or exostosis I have recently seen two cases in which the 
disease had been considered sarcoma of the skull In such cases, the 
intradural lesion has been either overlooked or considered secondary, 
from direct extension through the dura 

7 Brissaud and LerebouIIet, P Rev neurol 11 539 (June) 1903 

8 Parhon, C, and Nadjede, G Rev neurol 13 1017 (Nov) 1905 

9 Barling, H G , and Leith, RFC Lancet 84 282 (Aug 6) 1906 

10 Spiller, W G Hemicramosis and Cure of Brain Tumors by Opera- 
tlon > J A M A 49 2059 (Dec 21) 1907 
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Cushing - s recent report of the first extensive senes studied by a 
single observer contains much general information on the subject, 
especially as to the frequency of occurrence and the localization of 
the hyperostoses and the types of intradural lesions producing them 
Tumots of the frontal and temporal regions, and particularly those 
whose origin is near the falx, were found to produce bony thickening 
most frequently The primary intradural tumor was of two types, 
either sphencal and embedded m the brain substance, with a variable 
extent of attachment to the dura, or endothelioma en plaque, with 
a broad attachment to the dura, and producing only slight indenta- 
tion of the brain surface The latter was much more inclined to 
produce hyperostosis than the former, and the hyperostosis was likely 
to be larger, the exact reasons for which were not clear That the 
degree of hyperostosis was not definitely related to the extent of dural 
attachment was shown by cases m which rounded tumors with small 
dural attachments caused marked bony thickening Cushing found 
endothehomatous invasion of the thickened bone m all cases in which 
it was examined, and he considered the thickening to be due to the 
stimulating effect of the invading tumor, although he thought it possible 
that the ossification might be of the tumor and m some way connected 
with the osteogenetic power of the dura 


REPORT OF CASES 


As yet there have been few detailed studies published of both 
gross and microscopic features of the thickened bone and of its rela- 
tion to the underlying dura The two cases reported herewith have 
affoi ded opportunity for such study, and throw some light upon these 
points 


Case 1 — R M man, aged 40, entered the Presbyterian Hospital in March, 
1915, on the service of Dr Bassoe, giving a history of headaches during tic 
last two years, which had gradually increased in severity and frequency For 
six weeks, there had been failing vision and attacks of vomiting The exam 
mation showed greatly reduced vision and bilateral choked disk It "as 
otherwise negative, there being no focal sjmptoms of brain tumor A roent- 
genogram was taken, but the findings were not recorded, and the plate "as 
subsequently lost A subtemporal decompression was performed by Dr Beian, 
and ten months later, because of recurrence of symptoms of mtracrania pr« 
sure, the cerebellar region was explored, but no tumor was foun e 
occurred eleven months after admission , 

At necropsy, after reflection of the scalp, a diffuse hyperostosis \wts 
in the right occipital region On removal of the skullcap, a era er 
depression was found m the right occipital lobe, produced bv an i in erna ■ 
thickening similar to and opposite that on the outside and marked! 
to the dura A large spherical tumor «as deeplj embedded in Mn 

occipital lobe and adherent to the overlying dura at the tip of t P 

(Fig 1) 
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Bassoe’ 1 lias published a pathologic report of the tumor It was an endo- 
thelioma with numerous whorls, but with complete absence of either calcifica- 
tion or ossification The dura in the region of the tumor and hyperostosis 
was well preserved, and its vascular markings could be made out At the 
pit of the crater into which the hyperostosis fitted, there was a small per- 
foration The tumor was spread out latenlly and anteriorly for several 
centimeters in a thin lacer between the dura and brain substance Microscopic 



Fig 1 (Case 1) —Coronal section through right occipital lobe and over- 
lying thickened skull, dura removed from lateral portion of depression and 
lateral cortex (a) tumor mass dipping into brain, ( b ) thin layer of tumor 
spread over lateral cortex of lobe, (c) outline of old calvarium, and (d) tumor 
filling superior longitudinal sinus 

examination of the dura, excised near the apex of the depression, showed 
extensive tumor infiltration with marked dilatation of some of its vascular 
spaces and tumor invasion of others Sections of the dura overlying the 

11 Bassoe, Peter Two Cases of Tumor of the Occipital Lobe, Tr Chicago 
Path Soc , 1917, p 118 




Fig 2 (Case 1) — Roentgenogram of section, showing spongy character of 
hyperostosis and of invaded calvarium as compared with the denser unmvolved 
portion (a) 



Fig 3 (Case 1) —Endothelioma infiltrating calvarium 
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thm layer of the tumor spread out between it and the cerebral cortex showed 
very little invasion by tumor cells 

Section through the middle of the overlying thickened bone revealed clearly 
the outline of the old calvarium The zone of hyperostosis averaged 7 cm in 
diameter and gradually tapered off toward the periphery The thickening was 
slightly greater on the outside than on the inside The skull measured 2 6 
cnT m its thickest portion The new bone was, in general, spongy, but in 
places it had a slight tendency to radiate from the outer and inner tables 
The calvarium was definitely more spongy in the region of the hyperostosis 
than in its uninvolved portion The inner surface of the hyperostosis was 
quite rough and showed many grooves and canals, some of which were vascu- 
lar markings The outer surface was covered by smooth pericranium A 
roentgenogram of an excised narrow strip revealed the spongy character of 
the hyperostosis and the reduced density of the outer and inner tables, as 
compared with the uninvolved skull at one end of the section (Fig 2) 



Fig 4 (Case 2) — Appearance of patient on examination 

1 

Microscopic examination showed endothelioma of the same character 
as the intradural tumor, infiltrating almost uniformly the entire hyperostosis 
and the portion of the skull from which it sprang (Fig 3) The cancellous 
spaces were largely filled with tumor and blood vessels, red m arrow being 
extremely scanty New bone was being formed about the surface of the 
external layer, and its nontumorous nature could be definitely made out In 
the regions of most marked growth, tumor cells were largely absent in the 
vicinity of the newly formed trabeculae, and bone formation from tumor cells 
was nowhere to be seen Fibrous bands dipped into the substance of the 
exostosis at irregular intervals, especially about the pericranial surface, 
dividing it into radiating columns Along the endosteal surface, tumor was 
especially abundant and extended into the slight remnants of dura which were 
adherent to the hyperostosis in a few places 

Case 2— A H , man, aged 31, was admitted, Aug 15, 1922, to U S Veterans' 
ureau Hospital No 76 During the previous two years, a hard, bony, oval 
sue mg had gradually 7 de\ eloped in the left frontoparietal region There were 
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Fig 5 (Case 2) — Roentgenographic appearance of head 


the periphery of the tumor All except one of the intervening bridges were 
cut, and the wound was closed Ten days later, the wound was reopened, the 
remaining bridge cut and the thickened skull removed It was marked!) 
adherent by its inner surface, and, in one place, the outer layer of dura was 
removed with it The exposed dura was then opened, and a broad, flat tumor 
was found attached to its inner surface The involved dun was excised at a dis- 
tance of about 1 cm from the margin of the tumor, except near the superior 
longitudinal sinus, where the tumor extended to the margin of the falx am 
small fragments on its external surface w r ere left behind These "ere 
curetted off as well as possible Three large cerebral veins extending from 
the cortex in the Rolandic region to the involved dura were ligated e 
wound w'as closed without repairing the cranial defect Right hemiplegia am 


PHEMISTER— ENDOTHELIOMA OF MENINGES 


561 



Fig 6 (Case 2) — Inner surface of excised dura, showing attached flat tumor 



Fig 7 (Case 2) — Section of tumor 
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motor aphasia followed the operation Three months later, both the herai 
plegia and the speech disturbance were rapidly improving' 

Pathologic Repoi t —The excised dura presented on its inner surface, a flat 
oval tumor, 8 cm long, 5 cm wide and 1 5 cm thick, at its central portion 
(Fig 6) The tumor was grayish red, soft and friable It tapered off 
gradually at the periphery The outer surface of the dura, which was firmly 
adherent to the overlying bone, had a ragged appearance and was grayish red 
in places from tumor infiltration Microscopic examination showed the 
tumor to be composed very largely of endothelial cells which had only a 
slight tendency to arrangement in whorls Evidences of cell division were 



Fig 8 (Case 2) — Excised hyperostosis sawn in two, showing external, cut 
and internal surfaces with attached fragment of dura (a) 


not seen There was little fibrous stroma, and blood vessels were numerous 
There was no evidence of hyaline degeneration or calcification (Fig <) 
Sections through its attachment showed the dura extensively infiltrated wit ' 
tumor, but in no place had the dural membrane been completely destrmed an 
replaced by tumor 

The excised portion of the skull (Fig 8) showed extensive oval bom 
thickening, which was more marked on the outside than on the msi e 
inner surface was rough and bare, except m its lateral portion, where t er 
was still attached a doliar-sized piece of the outer layers of dura, extensn 
infiltrated with tumor The outer surface was smooth and covere 
thickened pericranium with portions of attached temporal muscle 
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section showed the outline of the old calvarium, with a layer of new bone 
radiating from either surface The maximum thickness of the skull was 4 cm , 
the external layer measured 2 cm, and the internal layer, 12 cm The density 
of the outer layer was quite uniform, but that of the inner layer was more 
variable In its lateral portion, which was covered by a dural fragment, there 
was onh a small amount of ossification, and numerous radiating fibrous bands 
originating from bone attached the dura to the inner table Calvarium 
from which the hyperostosis sprang was grayish red, and the tables were 
slightly porous, as compared with uninvolved portions at the periphery A 
section, 0 5 cm thick, was excised for further study A roentgenogram of 
it (Fig 9) showed the arrangement of the old and new bone in detail 
The inner and outer tables were slightly more spongy than normal The new 
bone, both internally and externally, radiated from the surface of the old 
bone The ra\s were coarser and more uneven on the inside than on the out- 
side The inner layer shoued plainly that ossification had proceeded from the 



Fig 9 (Case 2) — Roentgenogram of excised strip, showing hyperostosis 
radiating from the inner and outer tables and the reduced density of invaded 
calvarium 


inner table toward the dura and not in the opposite direction, as should be the 
case if the new bone were formed from the tumor Sections including the 
entire thickness of the skull were cut in four places for microscopic examina- 
tion They showed a variable amount of tumor infiltration of the calvarium 
and of the new bone springing from it The tumor was of the same character 
as the primary growth The inner layer of new bone was extensively infil- 
trated (Fig 10) , but there were numerous areas, especially in its denser 
portions, which contained little tumor The inner and outer tables were more 
porous than normal, and there was considerable tumorous infiltration of them 
as u ell as of the diploe The external hyperostosis contained the least amount 
of tumor Its deeper and peripheral portions were considerably infiltrated , 
but the superficial bone in the thicker portions was almost entirely free from 
tumor (Fig 11) There i\ere marked degenerative changes in the deeper 
areas, the result of circulatory disturbance produced by the first operation 
Coarse bom trabeculae sprang from the tables at right angles to their sur- 
faces, and mam of them showed evidences of new bone formation at their 
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tips In some regions, tumor almost completely filled the cancellous mtercolumnar 
spaces In others it was mixed with fibrous bone marrow The new bone, which 
was free from tumor, contained a richly cellular fibrous ind hemopoietic marrow 
There was no question that the new bone was not tumor, for m many places 
along the surface where it was in the process of formation, several 
adjacent low power fields faded to reveal a tumor cell A section through the 
region of attached dura disclosed that it was extensively infiltrated with 
tumor Much of this ran parallel to the dural fibers , but m places tumor 



Fig 10 (Case 2) —Internal hyperostosis with much tumor m the can- 
cellous spaces 

bands broke through the membrane and ran at right angles to the °' cr ^'"j 8 
new bone No large vascular channels were seen to pass from dura to s > 
along which the tumor had spread While the hyperostosis was muc i 
marked m this case than in Case 1, the tumor infiltration of the nen one 
very much less marked and less uniform in distribution 


COMMENT 

The findings m these two cases suggest the following order 
development of pathologic changes The primary tumor arises m ^ 
the dura from cells connected either with its inner lining 
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arachnoidal villi which pioject into the dura, as held by M B Schmidt 
and Cushing and Weed 13 As the tumor grows, its cells penetrate 
the dura and invade the overlying bone, throughout which they spread 
Instead of eroding the skull, the tumor exerts a stimulating influence 
upon it The result is the formation of a hyperostosis, which consists 
of two intermixed portions, namely endothelial tumor and a newly 
formed, nontumorous bon)'’ framework The proportions of each vary 



Fig 11 (Case 2) — Section of proliferating surface of external hyper- 
ostosis showing nontumorous new bone formation and only one island (a) of 
tumor, ( b ) pericranium 

in different hyperostoses and m different portions of the same hyper- 
ostosis, as shown by comparison of the findings in these two cases 
That the new bone does not onginate from tumor cells is substantiated 
by a number of facts In the first place, the mtramemngeal portion 

12 Schmidt, M B Arch f path Anat u Ph>siol 170 429, 1902 

13 Cushing Harvev, and Weed, L H Studies of the Cerebrospinal 
Fluid and Its Pathwai IX Calcareous and Osseous Deposits in the 
Arachnoidea Bull Tohns Hopkins Hosp 26 367 (No\ ) 1915 
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of the tumor does not ossify, at least to any appreciable extent If 
its cells were osteogenetic, there should be ossification of the intra- 
dural as well as of the extradural portion The arrangement of the 
new bone suggests that its origin is from the skull instead of from 
the tumor It grows out of, and, to a variable extent, radiates from, 
the old bone Microscopically, the new bone is seen to form from 
normal osteoblasts and not from tumor cells 



Fig 12 — Segment of femur infiltrated with osteoplastic metastases from 
carcinoma of prostate, new bone in the surface nodules has finely radiating 
arrangement 


The reasons for this invasion of the bone and for its osteoplastic 
response are not well understood Endotheliomas behave as do being 1 
tumors m their method of spread, which is always by direct invasion 
of surrounding tissue and never by metastasis However, in t 
deeply penetrating infiltration of bone, they resemble malignant tumors 
Also their tendency to invade the dura and grow for long dis ances 
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its vascular channels is well known In Case 1 the adjacent portion 
of the superior longitudinal sinus was completely filled with tumor, 
and the growth extended as far back m it as the torcular herophili 
With regional blocking of the normal venous channels of the dura 
from tumor invasion, there may be a compensatory increase and dilata- 
tion of vascular connections with the overlying bone, facilitating tumor 
infiltration Spread of the tumor into the bone may be favored in 
this way, m the absence of increased intracranial pressure which would 
tend to drive blood and tumor toward the periphery 

The hyperostosis is then an instance of osteoplastic invasion of bone 
by a mesoblastic tumor originating outside the skeleton Invasions of 
bone by all other nonbony mesoblastic tumors, whether by direct 
extension or through the blood stieam, are osteoclastic, that is, they 
destroy bone, and there is no new bone formation throughout their 
substance Analogous changes aie produced by carcinomatous inva- 
sion of bone Usually, caicmoma metastases are osteoclastic, but, m 
certain instances, notably when from carcinoma of the prostate, they 
may stimulate new bone formation, and ossification occurs throughout 
the substance of the metastases The medullary cavity of a long bone 
or the cancellous spaces of a short one, as a vertebia, may be com- 
pletely filled with new bone foimed as the result of stimulation by 
such metastases, and carcinomatous nodules springing from the surface 
of such a bone may possess an ossified stroma with slight radiations, 
similar to that in the hyperostosis shown in Case 2 In Figure 12 is 
reproduced a roentgenogram of a postmortem specimen of a femur, 
with ossified metastases both in the medullary canal and along the 
surface of the cortex, secondary to carcinoma of the prostate The new 
bone is, of course, formed from the old and not from carcinoma cells, 
and fine ladiations are to be seen m the peripheral portions These 
were best seen on microscopic examination Von Recklinghausen 14 
explained the new bone formation m ossifying carcinoma metastases 
m the following way The tumor growth lies almost entirely within 
the veins and obstructs them, producing marked passive hyperemia 
of the region This stimulates the new bone formation Axhausen 15 
and Schmorl 10 believe that the new bone forms as a result of stimula- 
tion by chemical substances liberated by the tumor cells One type 
of tumor cell stimulates stroma formation, while another does not, 
and, when the tumor growth is within a bone, the stroma arises from 
it and ossifies There is uncertainty as to the relationship between the 
amount of fibrous stroma contained within the intradural endothelioma 

14 A 7 on Recklinghausen, F D Festschr Rudolf Virchow, Berlin, 1891 

15 Axhausen, G Arch f path Anat u Physiol 195 358, 1909 

16 Schmorl Verhaudl d deutsch path Gesellsch 12 89, 1908 



568 


ARCHIVES OF SURGERY 


and the amount of ossification within the tumor invading the skull In 
Case 2 stroma was very small in amount in the 'intradural portion, 
and ossification of the skull invasion was very marked While in 
the endothehomatous hyperostoses the larger venous channels of the 
overlying dura and skull may show tumorous invasion, the smaller 
veins and capillaries are not uniformly engorged with tumor cells, as 
is the case within ossifying carcinoma metastases 

The arrangement of new bone within an ossifying bony tumor, 
whether the tumor is primal y or secondary, seems to be dependent 
more on its amount and rate of formation than on the nature of the 
cells from which it spungs Whether it arises from tumor cells or 
from the old bone, it is arranged to support the tumor If the growth 
of the tumor is fairly rapid or if the amount of bone formed through- 
out its substance is not veiy gieat, the newly formed bone is likely 
to radiate from the surface of the old This is commonly seen in 
periosteal sai comas in which the new bone is tumorous If the late 
of growth is slow 01 the tendency to ossification great, the newly 
formed bone is likely to have a dense, spongy arrangement Combina- 
tions of the two are not infrequently seen, the deepei bone being 
dense and spongy while superficial portions show radiation 

Opposed to the theory that the endothelioma cells ossify as a 
result of osteogenetic powers contributed by the dura are not only the 
histologic findings, but also the fact that a tumor arising from the dural 
infoldings, which contain no osteoblastic layer, may produce hyper- 
ostosis Heuer and Dandy 17 reported a tumor apparently springing 
from the falx, which extended to the surface m the lateral portion of 
the fiontal lobe and pioduced bony thickening of the overlying skull 
Calcification occurring in areas of hyaline degeneration in psammomas 
is, of course, m no way l elated to the bony thickening of the skull 

Primary tumors of the skull may resemble very closely these hyper- 
ostoses secondary to meningeal endotheliomas This is particularly tiue 
of those lesions which begin early in life, grow slowly and are regarde 
either as benign tumors or as hyperostoses ciann After many years 
of comparatively innocent growth, they may take on definite sarco 
matous features Such was the case in the remarkable bony growth 
apparently primary in the left frontal bone, m the giant Wilkins, reporte 
by Bdssoe 18 The patient began to grow abnormally rapidly at the age 
of 4, and by his eighteenth yeai he had attained the height of ee 
2 inches (249 cm ) At the age of 8 a slight thickening of the fronts 
bone developed, just above the left orbit This continued to grou 
slowly for twenty years, at the end of which time a large bony 


17 Heuer, G J , and Dandy, W E A Report of Seventy Cases o 
Tumor, Bull Johns Hopkms Hosp 27 224 (Aug ) J 916 

18 Bassoe, Peter J Nerv & Ment Dis 30 513, 1903 
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mass had formed, involving most of the frontal bone, distorting the 
face and extending into the left temporal region A second and 
apparently independent bony thickening formed at the temporoparietal 
junction, just above the left mastoid Thiee months before death at 
the age of 28, the tumor began to increase lapidly m size and became 
painful Vision was rapidly lost and symptoms of increased intra- 
cranial pressure appeared At necropsy the tumor was found to lie 
entirely outside the dura It had greatly encroached upon the left 
frontal and temporal lobes at the base of the brain There was 
enormous bony thickening of the skull, which was mainly on the 
outer surface of the involved region There was a large soft tumor 
between the dura and inner portion of the bony growth, which had 
nowhere penetrated the dura Microscopic examination revealed a 
round-cell and spindle-cell sarcoma, ossifying m its outer portion The 
dense peripheral portion contained much mature bone which bore con- 
siderable resemblance to an ordinary hyperostosis 

Since it has recently been demonstrated, especially by Ewing, 19 
that endothelioma of bone is not uncommonly encountered, these cases 
should be analyzed from the standpoint of primary endothelioma of 
the skull, with secondary invasion of intracranial structures This 
is particularly true of the cases, such as Case 2 of this series, with 
marked hyperostosis and small, flat, intradural tumor Primary endo- 
thelioma of bone differs strikingly from these cases in that there is 
nearly always extensive bone destruction, with little or no associated 
new bone formation This is true of the few instances, as those of 
Kocher, 20 Rustitzky, 21 Marckwald 22 and Ewing, m which the skull 
was the bone involved I find no lecorded case of extension through 
the dura producing a subdural mass and symptoms of brain pressure 
Ewing has reported one case m which there was diffuse, spindle shaped 
enlargement of the ulna, with spongy ossification throughout the tumor 

LOCAL BONE DESTRUCTION 

When a meningeal endothelioma invades the overlying skull, it 
may produce bony erosion with little associated new bone formation 
The skull may be perforated, and the overlying scalp may be lifted 
up or invaded by the soft tumor This condition is referred to m the 
old literature as fungus durae matris Andrews 23 has recently reported 
such localized bone destruction from an underlying meningeal tumor 

19 Ewing, James A Review and Classification of Bone Sarcomas, Arch 
Surg 4 485 (May) 1922 

20 Kocher Arch f path Anat u Physiol 44 311, 1868 

21 Rustitzkj Deutsch Ztschr f Chir 3 162, 1 873 

22 Marckwald Arch f path Anat u Physiol 141 128, 1895 

-3 'tn drew s, E W Surg Clinics of N America, 1923, Chicago Number, 
to be published 
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In some instances of tumor mvas.on of the skull, there forms first 
a hyperostosis but, as growth continues, there is giadual erosion from 

0utwa ‘ d > not on| y of the newly formed bone, but also of the 
old bone, so that eventually the unossified portion of tumor may either 
pe fora e the skull or be covered by a thin layer of the _g 

‘"T f? y th,Ck 7? Ossification may occur early the external 
g outh of tumor and then cease, after which a considerable amount of 
unossified tumor may accumulate on top of the hyperostosis This 
combination is well lllustiated by Case 3 



Fig 13 (Case 3) — Endothelioma of twelve years’ duration, producing first 
hyperostosis, then erosion of calvarium from within outward and a layer of 
unossified tumor external to the hyperostosis 


REPORT OF CASE 

Case 3 — A woman aged 69, for twelve years had had an oval enlargement 
in the frontoparietal region, centering to the left of the midhne It had 
slowly increased m size until at the present time it formed a mass larger than 
the one in Case 2 During the last year there had been disturbances in gait 
and mental disturbance indicative of cerebral involvement On palpation, the 
tuttior had a bony feel in its deeper portions , but it was soft m its outer 
layer A roentgenogram of the skull (Fig 13) showed spongj ossification 
in the deeper portion of the external tumor, but no evidences of new hone 
formation in its superficial part There was a crater-like depression at ( !C 
apex of the bony thickening There was evidence of erosion of the entire 
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thickness of the skull from within outward, in the central and posterior por- 
tions A piece of tumor was excised for microscopic examination There was 
an unossified external layer, at least 1 cm thick, which had invaded the scalp 
It proved to be a typical endothelioma containing little fibrous stroma 

COMMENT 

Theie has been a tendency for pathologists to classify many of 
the meningeal tumors with the sarcomas , but, as Cushing has pointed 
out, they all possess sufficiently peculiar common characteristics, such 
as failure to make metastases, to be giouped sepaiately and designated 
as memngothehomas or meningiomas Some tumors are composed 
veiy laigely of spindle cells, as if they onginateci in the connective 
tissue element of the dui a The question arises whethei the less the 
endothelial content of the tumor, the less the tendency to bone invasion 
I have examined a flat tumor of the dura with the dimensions of that 
m Case 2, except that it was slightly thickei The overlying bone was 
noimal m appearance despite the fact that tumor lav in contact with it, 
and microscopic examination of the bone showed complete absence of 
tumor invasion Histologically, the dural tumor was composed almost 
entirely of spindle cells arranged mainly m irregularly coursing bundles 

These cases illustrate well the extieme variation m effects upon 
the nervous system of tumors associated with hypeiostoses In the 
first case, there were typical general symptoms of bram tumor, and 
the hyperostosis was not sufficiently prominent to attract the attention 
of the clinician In the second case, nervous symptoms were entirely 
absent, and the hyperostosis was the sole complaint Such cases as 
the latter have not infrequently been diagnosed as sarcoma or osteoma 
of the skull and the underlying tumor overlooked This has happened 
even when evidences of brain compression were present, as the internal 
hyperostosis was held responsible for the compression In cases, as 
that of Spiller, in which only the thickened skull was excised, the con- 
tinuation of bram pressure symptoms has led to a second operation, 
at which the primary intradural tumor was found and removed A 
small endothelioma has been known to produce localized hyperostosis 
from the inner table without the development of either neurologic 
symptoms or external tumor, and the condition has been discovered 
only at necropsy (Virchow) 

A point of practical unpoitance m dealing with the thickened skull 
at operation has been emphasized by Cushing, Eisberg, 24 Krause, and 
otheis, namely, that it is not essential to remove all of the thickened 
bone After removal of the intracranial tumor, there is usually little 
tendenc\ for the hyperostosis to increase in size, and patients have been 

24 Eisberg, C \ in discussion on Cushing, Har\e\ Arch Neurol & 
Ps\ clnat 8 139 (Aug) 1922 



572 


ARCHIVES OF SURGER 1 


observed to remain well for years when consideiable involved bone 
was left behind This is additional proof of the benign nature of the 
tumors However, the involved bone may continue to enlarge and 
produce pressure upon the brain or recurrence within the meninges 
Frazier (peisonal communication) operated repeatedly on the patient 
m Case 2 of Spiller’s report, before the fatal termination, several years 
later A method of dealing with the defect left after removal of a 
large hyperostosis, as m Case 2 of the present report, would be to 
chisel away immediately the bony thickening from the inner and outer 
tables, boil the remaining calvarium while the intradural operation is 
being completed, and reinsert it before closure of the scalp 

SUMMARY 

The hyperostosis which develops over a considerable proportion of 
meningeal endotheliomas results from penetration of the dura and 
direct invasion of the skull by the tumor The tumor permeates the 
skull, rarefies slightly the inner and outer tables and stimulates new 
bone formation, usually from both the internal and external surfaces 
Tumor cells are found m varying numbers throughout the cancellous 
spaces of the hyperostosis The new bone is not tumorous m nature, 
and is merely ossified stroma of the invading endothelioma Its spongy 
or radiating arrangement is similar to that which is seen m the ossi- 
fication occurring m other types of tumor, whether primary or 
secondary m bone and whether the new bone itself is of tumorous or 
nontumorous nature >' 



OSTEOMA OF THE SKULL 
report of two cases, one being associated with a large 

INTRACRANIAL ENDOTHELIOMA 

CARL W RAND, MD 

LOS ANGELES 

As far as I know, no comprehensive treatise on the subject of 
bony tumors of the skull, and their relationship to underlying endo- 
theliomas, has yet appeared Sporadic cases of cranial osteoma and 
hyperostosis, sometimes with, and sometimes without, this associated 
pathologic condition, have been reported , but these are frequently found 
under obscure titles 1 hat local thickening of the skull may occur has 
long been known It is seen in various systemic conditions, such as 
acromegaly, Paget’s disease, oxycephaly, turricephaly, periosteal inflam- 
matory reactions, etc , as well as m actual tumor formations In the 
latter conditions, the thickening may involve the skull alone or may be 
accompanied by an underlying endothelioma On the other hand, intra- 
cranial endotheliomas probably more often occur without any hyper- 
ostosis of the overlying skull A close relationship between these 
conditions is becoming more generally recognized, and the surgeon who 
sees a case presenting a local thickening of the skull is at once sus- 
picious of some underlying tumor 

Spiller 1 in 1907 gave us one of the earliest finished reports of an 
endothelioma of the brain associated with thickening of the over- 
lying skull The patient was operated on by Frazier, who first removed 
an area of thickened bone and later — as the symptoms did not clear 
up satisfactorily — reopened the wound and removed an endothelioma 
in the region of Broca’s area On occasion, these growths may be of 
a more extensive nature Mix 2 has reported a case m which the growth 
involved the scalp, skull and underlying brain Cushing, 3 reporting on 
hyperostoses of the skull, found the condition to be present m twenty 
instances m a series of eighty endotheliomas Of these twenty cases, 
eight were endotheliomas of the soft, flattened type, and twelve were of 
the rounded type, having a relatively small meningeal attachment and 
usually spoken of as enucleable He believes that at least 25 per cent 
of cases of proved endotheliomas present demonstrable thickening of 
the overlying bone 

1 Spiller, W G Hemicraniosis and Cure of Brain Tumor by Operation, 
J A M A 49 2059 (Dec 21) 1907 

2 Mix, C L Endothelioma of the Dura M Clinics N Am 5 1673 (May) 

1922 

3 Cushing, Hanej Cranial Hjperostoses Produced by Meningeal Endo- 
theliomas Arch Neurol & Psychiat 8 139 (Aug ) 1922 
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The pathology of these so-called endotheliomas has been studied by 
Mallory from the standpoint of cell morphology He has advanced 
the theory that they grow from the arachnoid villi rather than from the 
dural endothelium In short, he denies the existence of a dural endo- 
thelium, stating that the under surface of this membrane is lined with 
fibroblasts rather than with endothelial cells In comparing the structure 
of endotheliomas with a series of arachnoid villi m various stages of 
proliferation, he seems to show that the so-called dural endothelioma 
is composed of arachnoid cells and elastic fibrous tissue He suggests 
the term ‘ arachnoid fibroblastoma” as being more correct from a 
morphologic standpoint, and holds the opinion that these growths may 
invade the overlying bone and scalp but that they never really imade 
the brain tissue proper, because their blood supply is derived from 
the dura and not from the nonvascular arachnoid membiane 

The following cases are presented as being representative of types 
of hyperostosis of the skull, the first accompanied by an underlying 
endothelioma which filled, and grew from both sides of the longitudinal 
sinus , the second, a simple osteoma of the skull not associated with any 
true intracranial giowth 

Case 1 — Histoiy — J A M, man, aged 31, married, an expert accountant, 
was referred by Dr H G Bramerd of Los Angeles, Feb 20, 1920 He had 
always been athletic, having played football, basket ball, etc , and, although 
he had been knocked out once or twice, there was no definite single history 
of severe skull injury at any time 

About January, 1913, his wife first noticed a small, hard, bony lump, about 
the size of a marble, on the crown of his head, near the juncture of the sagittal 
and coronal sutures The patient was not aware of its presence, and had no 
symptoms of any kind About February, 1914, following a severe cold, the 
patient states that the lump was again examined and found to be larger than 
before In March, 1914, following exposure to the sun, he had his first con- 
vulsion at 4 a m About this time, he showed other symptoms, becoming 
nervous, irritable and somewhat unreliable in his business relations In July, 
1916, the second convulsion occurred, twenty-four days later, the third con- 
vulsion occurred, and eighteen days later, the fourth convulsion The last 
convulsion nas seen by a physician who pronounced it an attack of Jacksonian 
epilepsy Ten days later, the fifth convulsion occurred, and, Sept 6, 1916, t e 
patient was operated on at Prescott, Arizona, by Dr J B McNally J V^ ie . ce 
of bone was removed from the vertex, measuring by inches ( 

6 3 cm) in diameter, and lVs inches (3 8 cm) in thickness The patioogic 
report of this tumor was “benign osteoma showing irregular growth o « 
bone ” Dr MdNally writes as follows “Examination of the skul s ’°'' C 
an unusual, large prominence on the frontal bone, slightly to the e t o 
median line, extending as far back as the coronal suture I foim t e o 
to be enormously thickened, and, while it was peculiarly smooth on « 
face, the section which I removed had projecting from its inner surface 

TMMbry, F B The Type Cell of the So-Called Dural Endothelioma, 

J M Research 41 349 (March) 1920 
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little bony spicules, sharp pointed, which produced a shredding of the dura 
so that the dura mater was practically destroyed and the cortical surface was 
smeared with a wine-colored jelly-like substance, and all membranes at this 
point appeared to be destroyed There was no evidence of pus infection I 
cleaned out all the debris as gently and as carefully as possible, and controlled 
the bony oozing with sterile beeswax I carefully inserted the little finger 
around the inner aspect of the skull for half an inch or more, but could not 
detect any roughness on the inner surface I remember, however, that the 
anterior horn of the rim was unusually thick” 



Fig 1 (Case 1) —Lateral view of skull, showing tremendous thickening of 
the calvarium at tumor site, 1920 The recurrence of bony growth, following 
attempted removal four years previously, maj be noted 


The patient returned to work Nov 15, 1916, much improved Jan 6, 1917, 
the sixth convulsion occurred The seventh occurred on the 24th of March, 
1917, following which the patient took several months’ rest The eighth con- 
vulsion occurred about August, 1917, the ninth and tenth, five davs apart 
during the middle of September, 1917, the eleventh and twelfth in November, 
1917, the thirteenth, Dec 15, 1917, and the fourteenth Feb 15, 1918 Nov 1, 
1918 the patient contracted influenza, which was followed bv double pneu- 
monia He was verv ill for several weeks In Januarv 1919, the fifteenth 
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convulsion occurred During this period, the patient was working, being kept 
on bromids About this time, he became very irritable, difficult to live with, 
and got into financial difficulties At one time, he left home for a week without 
apparent cause 

Eraimnation — When he came under observation, Feb 20, 1920, examination 
revealed a well-nourished voung man, in good general physical condition, who 
was suffering somewhat from headache He was very nervous and irritable 



Fig 4 (Case 1) —Lateral view of skull with patient in supine position The 
recurrence of bony growth, also inflation of right lateral ventricle with air 
showing the anterior horn indented and pushed down by endothelioma, mat 
be noted The entire tentricle was not filled with air, and the fluid let el of 
the posterior horn was sharpl} defined 


but cooperated well on examination Neurologic findings were essentiallj 
neg-itne except the e\e grounds which showed the disk margins to be much 
blurred In the right fundus the disk margins could not be made out New 
tissue was present, and there was pernascular streaking The optic cup and 
lamina cribosa were filled with new tissue No embedding of the \essels and 
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no measurable elevation of the disk were made out Low grade choked disk of 
long standing, slightly more pronounced on the right side, was present 

A roentgenogram of the skull (Fig 1) revealed a bony elevation near the 
coronal and sagittal sutures, which measured about 3 inches (76 cm ) in 
diameter and was elevated about inch (127 cm) above the flush of the 



Fig 5 (Case 1 ) -Anteroposterior view, showing the 
by removal of the bony growth in 1920, right latera ven ri jothchoma 

ward and ontward, and left lateral ventricle entirely closed bj 

skull There was tremendous thickening of the skull There was 

fact, if appeared to be 1» inches (3 8 - > , or * bonc bad been 

- «■■■ - 

mass, and no inflammatory reaction was noted 
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Blood and spinal fluid Wassermann reactions were negative Hemoglobin 
was 97 per cent 

Operations and Results— In a two-stage operation, performed March 10 and 
March 17, 1920, I removed en masse what appeared to be a large osteoma 
(Figs 2 and 3) It lay directly over the longitudinal sinus where consider- 
able difficulty was encountered in freeing the projecting spicules of bone from 
the underlying tissues The dura seemed to be frayed and torn , but no further 
exploration of the cortex was made at this time because the patient was tre- 
mendously shocked Following this procedure, he made a very satisfactory 
convalescence, returned to work as an expert accountant and continued at work 



Fig 6 (Case 1) Tndothelioma underlying bony growth (compare Figs 
2 and 3) The tumor growing nothin and from each side of the longitudinal 
sinus may be noted I he tumor mass on the right side was much smaller than 
on the left It was removed en masse, with resection of the longitudinal sinus 
and falx cerebri, weight, 135 gm 


until his final operation in March 1922 During this period, he was kept 
under bromids and phenobarbital (luminal) for much of the time He was 
irritable and difficult to li\e with In Jul\ , 1921 his irritability increased 
Oct _0, 1921, he had a \er\ set ere comulsion, the sixteenth, lapsing into a 
stupor which lasted for twent\-four hours Four weeks later, he had another 
similar comulsion the seienteenth Feb 23, 1922, the eighteenth and last 
comulsion occurred This was general and \ery similar to the two just cited 
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About this time, he became given to speculation, showed unsound business 
judgment, suicidal tendencies and again left home without apparent cause 
Headache, while present, was not a prominent symptom During this time, it 
was noted that there was never a depression over this large skull defect caused 
by the removal of the bony tumor in March, 1920 

Knowing that endotheliomas sometimes underlie bony overgrowths of the 
skull, I felt that the patient probably had such a tumor, which had not been 
disclosed at the former operation Reexamination, March 7, 1922, revealed 
a recurrence of the bony tumor Ossified areas could be palpated under the 
scalp in the region of the operative defect, some of which were free islands 
of movable bone, m no way connected with the surrounding skull but which 
undoubtedly had grown since the last operation 

Physical and neurologic examination at this time was again negative, 
except for the fact that the eye grounds showed a blurring of the disk margins 



Fig 7 (Case 1) — Diagrammatic reproduction of complete growth, showing 
bony and soft tumors in relative position, entire weight, 240 gm 


and congested vessels This phenomenon was a recurrence, as the eye grounds 
had become practically normal following the removal of the bony growth two 
years previously The main objective signs at this time were a recurrence o 

the tumor and extreme nervousness 

March 13, 1922, under local anesthesia, 35 cc of cerebrospinal flm 
removed from the right lateral ventricle and replaced bv 35 c c of air This pro 
cedure was carried out by the repeated removal of 5 c c of fluid, whic i nas 
replaced by a similar amount of air until the total had been reached ie 
was under moderate pressure and clear The roentgen-rav examination o 
ventricles (Figs 4 and 5) demonstrated that the air was trappe en 
in the right ventricle, which was displaced outward and downward 
lateral view, a distinct notch could be seen on the upper sur ac : J re 

horn of the right ventricle, which was interpreted as being caused . P 
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Fig 8 (Case 1) — Section of endothelioma 
cells tending to whorl formation 


showing systems of flattened 



Fic 9 (Case 1) — Appearance of patient three months after last operation 
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from a lobular growth The best explanation of the absence of air in the left 
ventricle and the displacement of the right outward seemed to be that there 

n\'r; ?. r0Wth p ™ )ect,n ® > nt ° «<= h hemisphere, berag larger on the left, 
so that the left ventricle was ent.rely closed, wh.le the right was deformed and 
pushed outward 

March 20, 1922, the old operative field was reopened, and new bone was 
found growing throughout this region There was also a recurrence of new 
bone from the margins of the skull defect, this was largely removed The 
dura was then opened, and a tumor was found growing from both sides of 



Fig 10 (Case 2) — Lateral view ot skull, showing osteoma in right frontal 
region 1 


the longitudinal sinus, involving it and apparently invading the bram proper 
Several attempts to find a line of demarcation were unsuccessful 

The tumor on gross examination appeared to be malignant sarcoma, an 
sections were taken before closure These sections were quite typical of endo 
thelioma, and, March 27, 1922, the wound was again opened and an endothelioma 
weighing 135 gm was removed en masse (Figs 6 and 7) The longitu ina 
sinus ivas resected for a distance of about 10 cm and was removed with 1 ® 
tumor The tumor was encapsulated, and the mass growing from the !e t si e 
of the longitudinal sinus was about twice as large as that growing from 
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right side In fact, after the remo\al of the tumor, the left side of the ca\it\ 
reached to the floor of the anterior tossa and seemed to ha\e blocked com- 
pleteh the left -ventricle The part of the tumor e\ca\ation on the right side 
extended down about half way to the floor of the anterior fossa A large 
fascia lata graft was placed o\er the defect and the wound closed without 



Fig 11 (Case 2) \nteropostenor \iew, showing osteoma aboee right 
orbn , growth attached to both the supra-orbital wall and the inner surface 
of the frontal bone 


drainage The patient stood the operation well and left the hospital in two 
w eeks 

Microscopic Examination (Fig 8) —Dr Ro% Hammach of Los Angeles 
reported thus “The tissue consists principally of whorls of flattened cells, 
sometimes spmdle shaped with large oial nuclei In some places the whorls 
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are not seen and the cells are arranged m long bundles Frequently, there is 
seen at the center of the whorl a small blood vessel Diagnosis endothelioma 
of meninges ” 

Comment —Since the last operative procedure, the patient has been free from 
epileptic attacks, and the use of all sedatives has been discontinued There is 
still undoubtedly some diseased bone about the edge of the skull defect, into 
which the scalp tends to dip He has gained about 20 pounds in weight and is 
working again as an expert accountant (Fig 9) The mental symptoms 
described above have improved considerably and his wife states that he is more 
normal than she has known him for years 

Case 2 Htstcny — E H E, man, aged 48, married, retired chaplain, United 
States Army, referred by Dr Edward Dillon of Los Angeles, was admitted to 
St Vincent’s Hospital, April 17, 1922, complaining of severe frontal headache 
and epilepsy When a child, he had scarlet fever, and all his life he had had 
double otorrhea He was also said to have had malaria and spinal menin- 
gitis m 1904, and pulmonary tuberculosis and influenza in 1918 There was no 
history of head injury His present illness began insidiously, about four years 
previously, and was ushered in by frontal headaches which had gradually 
increased in severitj Insomnia and extreme restlessness had been present 



Fig 12 (Case 2) — Appearance of tumor, showing nodular character of 
surface, no underlying endothelioma 


for the last three or four years The nervousness increased markedly, and, 
about two years previously, the patient suffered from mental confusion for a 
period of two or three weeks, after which normal mental processes were 
regained About eighteen months before admission, he became deranged men 
tally, and, following a severe convulsion, lapsed into a state of comp ete 
unconsciousness which lasted for ten days In a month’s time, he again regaine^ 
full mental activity About two months before admission to the hospita , t 
patient again suffered from mental agitation He also complained of num 
ness and weakness in the left arm and weakness in the left leg During 
last six months, there had been tunes when he did not articulate we 
temperature had always been noimal during these attacks and his pulse a ou 
Examination — He was a tall man and much under weight, and he exhibite 
marked mental agitation The head was rather large but quite symme : »c 
Examination of the cranial nerves was negative, except for slig 
of the left lower face The eye grounds showed overfilling o 
and some haziness of the disk margins, particularly on the ng * 
measurable swdtag »as made out There »»s detinue "eata ■. J tfc ^ 
m the left hand-left, 10, right, 80 The patient also complained 
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paresthesia in the left arm and hand, but no sensory changes were noted on 
objective examination There was no hemianopia, and no astereognosis, right 
or left The patient stood fairly well in the Romberg position The gait was 
somewhat unsteady, but there was no definite ataxia There was, however, 
moderate ataxia in performing the finger to nose and the finger to finger test, 
so that a question arose m the mind of one examiner as to whether the 
patient might not he suffering from a cerebellar lesion The superficial reflexes 
were present and about normal The deep reflexes were increased on the left 
side The Babinski reflex was positne on the left, and negatne on the right 
There was no ankle clonus on the left or 1 lght 



Rig 15 (Case 2) Postoperative lateral view, showing defect resulting from 
tumor removal 


The roentgen-ray examination of the skull (Fig 10) revealed a dense 
shadow measuring about 2 cm in diameter This shadow appeared to occupy 
an area in the right frontal region, about midway between the front of the 
orbit and the anterior chnoid process In the anteroposterior view (Fig 11), 
it appeared above the middle of the orbit There seemed to be a pedicle 
attaching this growth to the floor of the anterior fossa or roof of the orbit 
The laboratory findings were as follows temperature, 986 F , pulse, 70, 
eryt irocytes, 4,250,000, leukocytes, 6,996, differential count mononuclears, 
per cent , polymorphonuclears, 72 per cent , transitionals, 2 per cent , 
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hemoglobin, 70 per cent The blood Wassermann reaction was negative The 
results of urinalysis were reaction, acid, color, yellow, specific gravity, 1012 
albumin, faint trace, sugar, negative, casts, none The blood pressure was 
101 systolic, and 68 diastolic 

Operation —April 27, 1922, a right osteoplastic flap was turned down in the 
frontal region The flap was outlined with the base on the temporal side, and 
Frazier’s technic for frontal approach to the pituitary fossa was employed 
There were many large blood vessels in the scalp, and considerable bleeding 
occurred because it was impossible to use a tourniquet On making the last 
trephine opening just above the orbit, the operator unexpectedly encountered 
the tumor itself However, the flap was turned down as outlined and the tumor 
was turned up with the flap The tumor was then removed with a small margin 
of normal skull (Fig 12) In doing this, it was necessary to enter the top 
of the right orbit and expose the orbital contents Even then, it was not 
certain that all the bony overgrowth had been removed When the flap was 
turned back, the dura, which was closely adherent to the tumor, was found to be 
shredded and torn A large dural flap was then turned back, and the frontal lobe 



Fig 14 (Case 2) — Appearance of patient, ten days after operation, defect 
m right frontal region occasioned by tumor removal may be noted 


inspected It was soft and somewhat discolored just under the site of the tumor, 
but nothing that appeared to be an endothelioma was found The wound was t len 
closed in layers without drainage The patient made an uneventful con- 
valescence All sutures were removed, May 4, and the patient let tie ios 
pital, May 10, 1922, two weeks after the operation 

Comment— In reading the roentgenograms I was misled There appe * re 
to be a pedicle attaching the tumor to the floor of the anterior o»sa s 
matter of fact, the tumor was directly attached to the lateral sur ace o 
inner table of the skull, just back of the external angular process an 
roof of the orbit and was inadvertently encroached on in turning ac 


fla jily ll, 1922, the patient (Fig 14) had had no further epI [ ept,c se ’ Z “ r ^ 
and did not complain of headache He had become clear men a } nc j s 
m uch less nervous than before the operation He had 
m weight, and the weakness of the left hand, arm and leg 

disappeared 


ALTERATIONS IN THE CURRENTS AND ABSORP- 
TION OF CEREBROSPINAL FLUID FOLLOW- 
ING SALT ADMINISTRATION * 

FREDERIC E B FOLEY, HD 
st run 

Recent investigation has shown that, in exper. mental animals, both 
the pressure of the cerebrospinal fluid and the bulk of the brain can 
be reduced, either by the admuustiation of hypertonic solutions intra- 
venously , 1 or by the ingestion of salt - The present paper deals with 
the alterations in the absorption and circulation of cerebrospinal fluid 
accompanying these changes m fluid pressure and biam bulk 

This fall of fluid pressure might at first glance appear to be due to 
decrease of brain volume In such case no essential alteration in the 
processes of fluid absorption or secretion would need to be inferred 
However, the diminution of brain volume does not wholly account for 
the lowering of fluid tension This became apparent during the 
progress of one of the investigations mentioned above 2 Certain 
observations, to be detailed later, were made which indicated that the 
fall of fluid pressure was actually due to a disturbance in the fluid- 
absorbing and fluid-producing mechanisms There was also evidence 
of marked alteration in the normal currents of fluid m the ventricular 
system and cerebrospinal spaces 

Conjointly with these laboratory experiments, a clinical study of 
the uses of salt m conditions of increased intracranial tension was being 
conducted on Dr Cushing’s service at the Peter Bent Brigham Hos- 
pital 3 This study gave abundant proof that the decrease of fluid 
pressure and brain bulk, produced m laboratory animals by salt admin- 
istration, could be similarly produced m the human subject In 
individuals whose cerebral ventricles were obstructed and dilated, salt 
ingestion was much more effective in lowering cerebrospinal fluid 

x From the Laboratory for Surgical Research, Harvard Medical School, 
Boston 

1 Weed, L H , and McKibben, P S Pressure Changes m the Cerebro- 
spinal Fluid Following Intravenous Injection of Solutions of Various Concentra- 
tion, Am J Physiol 48 512 (May) 1919, Experimental Alteration of Brain 
Bulk, ibid 48 531 (May) 1919 

2 Foley, FEB, and Putnam, T J The Effect of Salt Ingestion on 
Cerebrospinal Fluid Pressure and Brain Volume, Am J Physiol 53 464 (Oct) 
1920 

3 Foley, FEB Clinical Uses of Salt Solution in Conditions of Increased 
Intracranial Tension, Surg , Gynec &. Obst 33 126-136 (Aug) 1921 
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pressure and diminishing brain bulk than was the case when these 
conditions were absent This striking feature of the observations on 
patients was unexplained It was suggested that absorption of the 
hydrops from within the ventricles would account for the response 
However, absorption is thought not to occur m this situation 

It was believed that a systematic investigation of the changes in 
fluid absorption and circulation occurring m animals as the result of 
salt administration might be of considerable physiologic interest, and, 
at the same time, might offer a solution of the unexplained responses 
to salt admmisti ation seen m patients with obstructed and dilated 
ventricles 


SUMMARY OF THE NORMAL ANATOMY AND PHYSIOLOGY 

It may be serviceable at this point to summarize briefly the accepted 
beliefs concerning the anatomy of the fluid spaces and the production, 
circulation and absorption of the fluid 

The ventricular system consists of the two lateral ventricles com- 
municating with the third ventricle by means of the two foramina of 
Monro The third ventricle m turn is joined to the fourth by the 
aqueduct of Sylvius From here the ventricular system opens into the 
cisterna magna, a part of the subarachnoid space, by means of the 
foramen of Magendie, a median defect m the pial fold and epithelial 
roof of the fourth ventricle which extends fiom the posterior medullary 
velum m front to the medulla behind, and also by the foramina of 
Luschka, two openings at the extremities of the lateral pockets 

The choroid plexuses appear to he free in the ventricles, though 
actually they are extraventricular structures, for they consist of masses 
of fine convoluted vessels lying outside the continuous layer of epen- 
dyma which constitutes the inner surface of the ventricular walls 
These masses of vessels receive a complete investment of ependymal 
epithelium which thus becomes invagmated over them and excludes 
them from the ventricular cavities proper very much as the peritoneal 
covering of the intestines excludes them from the peritoneal cavity 
Similarly, the sheets of ependymal epithelium which, after covering 
the choroidal vessels, extend back to the nervous tissue proper might 
be compared to the leaves of the mesentery The ependymal leaves 
are termed the lamina chorioidea In the third ventricle they are 
attached to the margins of the thalamus along a line known as tie 
taenia thalanu From these attachments the invagmated choroid bangs 
down into the ventricle The invagination is continued forward an ^ 
laterally on both sides between the thalamus and fornix so that it pro- 
jects into the lateral ventricles as the choroid plexus of ttese cavi k 
Here the upper leaf of the lamina chorioidea is attached to th S 
of ,he forn" whde the lower leaf „ attached to the dorsal surface of 
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the thalamus The choroid plexus of the fourth ventricle is formed 
by a mass of vessels earned into the ventncle with an investment of 
epithelium from the thinned out roof extending below the cerebellum 

The exti aventricular fluid spaces 01 subaiachnoid space is made up 
of the irregular devices formed by the lnegulanties of the brain sur- 
face and by the space intervening between the brain and skull On the 
side of the bram this space is lined by a continuous mesothelial mem- 
biane, the pia, which closely invests the biam, dipping into the depths 
of all the sulci and other surface n regularities On the side of the 
skull it is lined by another continuous mesothelial membrane, the arach- 
noid, which lies m contact with the dura and bridges the brain irregu- 
larities This cranial subarachnoid space is continuous with the spinal 
subaiachnoid space which m a similar way intei venes between the pia 
of the cord and the spinal aiachnoid 

The mam portion of the cerebiospinal fluid is a product of the 
choroid plexuses That which is poured out m the lateral ventricles 
passes through the foramina of Monro to the third ventricle Here 
the third ventricle choroid adds to the volume, and the current continues 
downward through the aqueduct and, with the addition from the fourth 
ventncle, is discharged into the subarachnoid space through the fora- 
mina of Magendie and Luschka In the subarachnoid space there is a 
second source of supply of an entirely different sort, and one concern- 
ing which some doubt still exists This comes from the perivascular 
spaces sui rounding the vessels of the bram substance These spaces 
exist as a defect between the walls of the cerebral arteries and veins 
and a surrounding envelop of mesothelial or glial cells In the sub- 
stance of the nervous tissue they join other spaces surrounding axons 
and larger nerve cells On the sui face they open into the subarachnoid 
space at the points of emergence of the vessels Mott 4 first described 
a flow of fluid in these spaces as from the subarachnoid space to the 
bram substance and believed them to be channels of fluid absorption 
Weed , 5 however, m a very comprehensive remvestigation of this whole 
subject, concluded that under normal circumstances the flow is m the 
opposite direction, from bram substance to subarachnoid space (thus 
reverting to a conception lavored previous to Mott’s work), and that 
these spaces must be regarded as sources of cerebrospinal fluid With- 
out entering into a discussion of the evidence it may be said that it 
supports the latter conclusion 

From the subarachnoid space the fluid is absorbed into the dural 
sinuses along the arachnoid vilh — small tufts of arachnoid cell masses 

4 Mott, F W The Oliver-Sharpey Lectures on the Cerebrospinal Fluid, 
Lancet 2 1, 79, 1910 

5 Weed, L H Studies on Cerebrospinal Fluid, J M Research 26 93 
(Sept) 1914 
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which project into these blood streams through clefts m the dui a 
forming the sinuses In addition there is absorption along the sheaths 
of the cranial and spinal nerves, a stream which finally enters true 
lymphatic channels There is no evidence in favor of absorption 
directly into the small vessels which traverse and are supported in the 
subarachnoid space 


EXPERIMENTAL INVESTIGATION 

1 Method — Cats were used for all the experiments The methods 
employed were various applications of the procedures used by Weed in 
his brilliant contributions in this field 5 In a general way the experi- 
ments may be separated into two types first, those dealing with the 
volume of fluid absorbed from the subarachnoid space and ventricles, 
or ventricles alone, aftei salt administration, together with determina- 
tions of the accompanying pressure change, and second, gross and 
microscopic identification of material precipitated from a foreign solu 
tion supplied to the subarachnoid space or ventricles following salt 
administration The salt was administered as a 30 per cent solution 
of sodium chlorid, either intravenously or into an exposed loop of the 
duodenum The animals were anesthetized with urethane The par- 
ticular details of the method in the several expenments will be detailed 
in each case 

2 The General Effect of Salt Adimimti ation on Cei ebi ospinal 

Fluid Piessuie and Biam Volume — In a series of preliminary experi- 
ments which were a part of a former communication, 2 simple deter- 
minations were made of the cerebrospinal fluid pressure changes caused 
by salt The pressures were measured in a manometer connected to a 
needle in the subarachnoid space introduced by occipito-atloidal punc- 
ture The manometer was filled with physiologic sodium chlorid 
solution and set at 100 mm of pressure On giving the animal a small 
dose of 30 per cent sodium chlorid, either intravenously or into the 
duodenum, the cerebi ospinal fluid showed an extensive and well sus 
tamed fall of pressure A large series of experiments demonstrate 
that cats of equal size, given the same dose of sodium chlorid un cr 
like experimental conditions, give curves of pressure change a ni °jj 
identical, both as regards the rate of change and the extent o 
The expenments revealed that the responses are quantitative reac io 
governed by the amount of salt administered j 

An additional effect of these solutions is a deciease m the sl5 f 
the brain, as first described by 'Weed and McKibben 0 The s inn 
of the brain enlarges the cerebrospinal fluid spaces In view o ^ 
fact, the question naturally arose as to whether m experimen s 


6 Weed and McKibben Footnote 1, second reference 
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sort the fall of pressure recorded by the manometer might not be due 
simply to the dislocation of fluid fiom the manometer into the enlaiging 
cerebrospinal fluid spaces and be indicative of no particular alteration 
m the fluid-producing and fluid-absorbing mechanisms 

3 Pi oof of a Distia bailee in the Ratio Between the Picssuies 
Undei Which Fluid Is Absoibcd and Pi oduced— The question was 
put to test by a series of experiments, as follows Two cats of equal 
size were used for each expenment To each animal a certain dose of 
30 per cent sodium chlorid was given In one animal the cerebrospinal 
fluid pressure was recoided in a manometer of such bore that 100 mm 
of pressure change required a displacement of 1 06 c c of fluid, while 
in the manometer used for the other animal the same pi essure change 
required a displacement of 0 26 c c of fluid That a disturbance in 
the ratio between fluid production pressure and fluid absorption pressure 
is induced by the administration of salt is proved by the fact that the 



fug 1 — Curves of cerebrospinal fluid pressure of two cats, each of wine l 
weighed 3 8 kg and was given 10 c c of 30 per cent sodium chlorid solution 
intravenously In one animal the pressure was recorded by a manometer of 
such bore that 100 mm of pressure change required a displacement of 1 06 c c 
of fluid (broken line) In the other animal the pressure was recorded by a 
manometer of such bore that 100 mm of pressure change required a displacement 
of 0 26 cc of fluid (continuous line) The approximate parallelism of the 
curves and the nearly equal falls of pressure may be noted 


curves of pressure change obtained by these different manometers 
parallel each other very closely and record pressure falls of about equal 
extent (Fig 1) Were the changes m height of the fluid columns in 
the manometers simply a function of volume change in the cerebro- 
spinal spaces, then one manometer being four times the size of the 
other should illustrate a pressure change one-fourth as extensive and at 
a very much lower rate These changes have been demonstrated in 
numerous experiments of this sort and with manometers of various 
' 0 urne Within the limits of the absorption mechanism to increase 
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its rate of taking up fluid, the curves have all shown this parallelism 
They show that salt administration induces a change of cerebrospinal 
fluid pressure which is largely independent of the volume change 
occurring m the cerebrospinal spaces 

4 Featwes of the Reaction to Be Studied the Fenocyamd 
Method That an increased osmotic value of the blood is the agency 
through which these changes are brought about, there can be no doubt 
Determination of these changes has been undertaken in a clinical study 
apart from the present work 7 We have not concerned ourselves here 
with the fundamental osmotic disturbances occasioned by the salt 
administered, but we have sought rather to determine the alterations 
m the mechanical movements of the fluid and changes m its absorption 

Concerning these alterations m absorption numerous questions 
arose Was there simply an increased rate of absorption along normal 
channels, or were new avenues of fluid escape opened ? As a first step 
toward the solution of these problems, use was made of the ferrocyamd 
reaction as employed by W eed 5 The reaction consists m the precipita- 
tion by hydrochloric acid of Prussian blue (ferric ferrocyamd) from a 
mixture of solutions of iron ammonium citrate and potassium ferro- 
cyamd, with later identification of the precipitated Prussian blue in 
the situations to which the solution was carried or absorbed The 


method of applying the reaction in these experiments was as follows 
Equal amounts of 2 per cent non ammonium citrate and 2 per cent 
potassium ferrocyamd solutions weie made up and kept separate until 
used A manometer with tubing and needle attached was then filled 
with the mixture and set at from 100 to 120 mm of piessure — the 
pressure usually to lie anticipated in the normal animal By means of 
occipito-atloidal puncture the manometer was connected to the subarach- 
noid space After a brief period allowed for the establishment of 
equilibrium and determination of the animal’s normal pressure, salt 
was administered According to the size of the animal from 10 to 
20 c c of a 30 per cent sodium chlorid solution was given either intra- 
venously or into the duodenum Incident to the giving of salt, the fhn 
showed the usual extensive fall of piessure With falling pressure 
the ferrocyamd solution was displaced out of the manometer into t 
subarachnoid space The amount of the solution so displaced was 
determined by the extent of pressure fall and the bore of the manom 
eter used At some period during the lowered pressure, usual y v i 
it had reached its full extent, precipitation of the Prussian b ue am 
fixation of the bram were secured either by perfusion tirong 


7 The study referred to is being conducted on the ^ ed ‘ c ® as an 

Peter Bent Brigham Hospital (Wynn and Foley Salt Adnv 
Adjunct in the Intraspmal Treatment of Syphilis) 
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aortic arch with 10 per cent liquoi foimaldehydi containing 1 per cent 
of concentrated hydrochlonc acid, oi by immeising the head in 20 
per cent liquor formaldehydi containing 2 per cent of the acid after 
first rongeunng away the greatei pait of the calvarium, leaving an 
intact dura The perfusion, though it washed away the greater part 
of any precipitate m the vessels, assured immediate precipitation of the 
Prussian blue and fixation of the brain, and gave better material for 
histologic study For the latter pui pose, the tissue was washed, run 
through graded alcohols, and embedded in celloidm 

Paiaffin sections are not suitable, foi the dissolving of the paraffin 
in xylene releases the granules of Piussian blue which become free to 
float into situations m which thev weie not precipitated 



Fig 2 — Drawing, showing the gross distribution of Prussian blue over the 
external surface of the brain , cat weight 3 kg , ferrocyanid solution supplied 
to subarachnoid space from large bore manometer , 20 c c of 30 per cent sodium 
chlorid injected into duodenum, 14 cc of ferrocyanid solution displaced in 
twenty-eight minutes, perfusion of aortic arch with 10 per cent liquor formal- 
dehydi containing 1 per cent of concentrated hydrochloric acid The abundant 
precipitate about the base and in the region of the tentorium may be noted In 
comparison with controls the region of the sagittal sinus shows relatively little 
precipitate 

5 Distnbiition of the Piussian Blue m Conti ol Experiments The 

procedure in control experiments in which the animal received no salt 
was the same except that, m order to secure a displacement of the 
solution into the subaiachnoid space, a higher pressure in the manometer 
had to be maintained The brains of these normal controls showed a 
distribution of the precipitated Prussian blue, corresponding very well 
to the findings of Weed ' m his studies of the normal absorption In 
such control animals the precipitate occurred throughout the subarach- 
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noid space but in paiticular abundance about the large cisterns and 
basal pockets It was cai ried upward over the cerebellar and cerebral 
hemispheres in the sulci but occurred m smaller amount over the con- 
volutions A relatively heavy deposit about the tentorium and sagittal 
sinus seemed to indicate a prominent current along these situations 
It had extended forward about the base and out along the sheaths of 
the cranial nerves In the latter situation the precipitate could be 
grossly identified some distance beyond the points of exit of the nerves 
from the skull It was also present in the arachnoid villi, the chief 
channels of fluid absorption Below the foramen magnum the spinal 
subarachnoid space showed the deposit for only a short distance, from 
3 to 5 cm below the atlas, practically no deposit being present On 
section of these control biains the ventncles were found free from any 
trace of the deposit, provided a relatively low injection pressure had 
been employed With piessures of fiom 300 to 400 mm of the solu 
tion, however, there was definite precipitate in the fourth ventricle 
and lower pait of the aqueduct, while with pressures of from 100 to 
200 mm , this did not occur Likewise, on microscopic study, the brains 
injected undei high pressure showed a little deposit along the peri- 
vascular sjiaces foi short distances, while m the case of the lower 
pressures, this did not occur 8 

6 Distnbution of the Puissian Blue in Animals Given Salt — The 
brains of animals given salt showed striking differences from the con- 
trols m the amount and distribution of the precipitate In the first 
place, the usual salt administration experiment yielded a much more 
abundant deposit m ceitain of the nonnal channels than occuried m 
the controls Brains taken at different intervals during injection 
showed that the solution had reached these sites more rapidly Figure 
2 is the reproduction of a drawing of the bram in such an expenment 
The deposit about the basal pockets and along the nerve sheaths was 
very abundant and the penetration, even to gross examination, was 
obviously more extensive than in the controls A much moie abundant 
deposit in the choroidal fissure on the meshes of the tela chonoidea 
was also apparent Grossly, the region of the sagittal sinus showe 
relatively less precipitate than the controls An increased amount o 
precipitate m the arachnoid villi was not demonstrated, and, mdee , u 
the material studied, it was difficult to find the granules in these situa 
tions at all Careful comparison by means of serial sections tiron b i 
a large number of villi, however, was not made, and the impression ^ 
based on the examination of the few villi encounteied in singe se 


8 In his studies of the normal animal, Weed was able to secure '‘‘^unless 
these spaces only bv sudden extensive bleeding from the ne 
very high (55 mm Hg) pressures were employed 
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tions In addition to these quantitative diffeiences, the solution had 
passed downward in the spinal subarachnoid space for practically its 
whole length and was found along the sheaths of the lumbar nerves 
Microscopic examination revealed beautiful injections of the perivas- 
cular spaces deep along their course in the brain substance This 
observation is in accord with similar observations by Weed and McKib- 
ben 6 The injection of the perivascular spaces occurred even when 
the solution was supplied to the subarachnoid space under zero pressure, 
as was done in a few experiments by opening widely the suboccipital 
space and pouring the solution into the cistern (Fig 3) The fact 
that this injection of the perivascular spaces occurs even under zero 
pressure and with an open skull is very good evidence that the solution 
does not reach these sites because of artificially altered pressure rela- 
tionships, 9 but is carried along the perivascular spaces by a process of 
true absorption The granules can occasionally be identified m the 
walls and lumma of the vessels surrounded by these injected perivas- 
cular spaces In many cases the deposit could also be identified about 
axons and nerve cells This was particularly true in the tissue imme- 
diately surrounding the lower and forward parts of the third ventricle 
Most striking of all, however, was the fact that on section of these 
brains there was an abundant deposit throughout the ventricular system 
The solution had been carried to the extremities of the lateral ventricles, 
both m the frontal and occipital lobes 

7 Considei ation of V entnculai Volume Change as a Possible Cause 
of Reti ograde Passage of Fluid to Ventncles — The fact that the solu- 
tion had been carried into the farthest reaches of the ventricular system 
under the influence of salt administration, while controls showed that 
this did not occur even when high injection pressures were used, made 
it seem possible that an intraventiicular absorption of fluid was one of 
the direct effects of the salt The experiments described, however, did 
not give conclusive evidence of this The objection raised was that the 
shrinkage in the brain might have been accompanied by an enlargement 
of the ventricular cavities with aspiration of the solution from the 
subarachnoid space along the aqueduct, entirely in consequence of the 
altered volume relationships and in no way due to true absorption 
within the ventricles By the method employed it was impossible to 
say what part of the fluid displaced from the manometer had passed 
to the ventricles and what part had been absorbed from the subarach- 
noid space 

In the experiments of Weed and McKibben, 0 striking alterations in 
the bulk of the brain had been observed following the intravenous 

9 As might be argued when a manometer at artificially high pressure is 
connected to the subarachnoid space 
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administration of hypei tonic solutions These findings weie confirmed 
m a study 2 made later m which the salt was given by the gastro- 
intestinal route, as well as intravenously The former writers do not 
mention any change m the size of the ventricles, while m the 
latter study such changes were looked foi and certainly were not 
striking The chief alterations m the gross appearance of animal 
brains due to salt administration are m their external appearance The 
convolutions become smaller and shi unken, while the sulci become 
wider and deeper The whole mass contracts After careful com- 
parison of the ventricles of these shi unken brains with those from 
normal animals of equal size, we have been led to the conclusion that 
the ventricular volume remains almost constant 

8 Dnect Study of V enii iciilai Volume Changes and Inti aventneu- 
lar Absot ption by Means of the Aqueduct Cathetei Method — These 
observations made it seem unlikely that enlargement of the ventricles 
was the cause of fluid passing up the aqueduct An attempt was 
made, however, to determine definitely the volume of fluid displaced 
into the ventricles and to separate any absorption occurring here from 
that occurring in the subarachnoid space To this end a manometer 
was connected to a small rubber catheter introduced along the aqueduct 
and of such size as effectively to seal itself off from the subarachnoid 
space by its contact with the walls of the aqueduct 10 The procedure 
is technically difficult and only a certain proportion of the experiments 
attempted were successful The animal was fixed m the prone position 
with the neck flexed far forward so as to make wide the space between 
the occiput and atlas After dividing the postcervical muscles and free- 
ing them from the occiput, the occipito-atloid ligament was divided by 
careful dissection and the arachnoid membrane opened with fine 
scissors It was occasionally necessary to bite off a part of the occiput 
with the rongeurs in order sufficiently to expose the region of the 
foramen of Magendie An inch or so of a No 5 F flexible rubber 
catheter was used A paraffin bead was molded onto the end of this 
small rubber tube m order to make it smooth and avoid injury to the 
walls of the aqueduct The tube thus prepared was connected to a 
manometer of small bore filled to zero pressure with warm physiologic 
sodium chlorid solution The catheter was then carefully inseite 


10 This method of ventricular catheterization was first employed by Weed 
and Cushing (Am J Physiology 36 77, 1915) m a study of the secr ® 
responses of the choroid plexus to posterior lobe hypoph}Sis extracts 
employment of the method was for the purpose of eliminating irom 
determinations of fluid formation rate the effects of volumetric changes • 
subarachnoid space caused by the blood pressure changes incident ^ 
gland substances and also for the purpose of diverting the fluid from 
channels of absorption 
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Fig 3 — Drawing under high power to show the deposit of Prussian blue 
precipitated in a perivascular space to which the ferrocyanid solution had 
extended from the subarachnoid space The ferrocyanid solution was supplied 
to the subarachnoid space under zero pressure by pouring it into the opened 
space between occiput and atlas Fixation by immersion of brain in 10 per cent 
liquor formaldehjdi containing 1 per cent of concentrated hydrochloric acid 
The granules here are not deposited in the walls or lurnina of the vessel as 
is often the case 




FOLEY— CEREBROSPINAL FLUID 


597 


under the tip of the vermis and gently advanced a distance of from 
18 to 22 mm Tests disclosed that m the average sized animal this 
distance would put the beaded tip immediately under the quadrigeminal 
bodies, the nariowest and most substantial section of the canal Figure 
4 shows the catheter in situ and its relation to the surrounding struc- 
tures In the successful attempts, and m case the animal had not been 
exhausted from the long procedure, the column of fluid would show 
a typical pulsation when the manometer connection was opened The 
pressure would gradually rise to a certain constant level and remain at 
this point This pressure was usually considerably below the normal 
pressure recorded in the subarachnoid space of cats This, I believe, 
may be attributed to the exhausting effects of the long operative pro- 



Fig 4 — Sketch of midsagittal section through cat head to show the position 
and relations of the aqueduct catheter 


cedure rather than to any physiologic difference between intraventricu- 
lar and subarachnoid pressures The majority of animals showed 
intraventricular pressures of between 70 and 130 mm of saline 

By this type of experiment, determinations were made of normal 
intraventricular pressures, and also pressure changes incident to the 
administration of hypotonic (water) and hypertonic (30 per cent 
sodium chlorid) solutions By measuring the amount of physiologic 
sodium clilond solution which was displaced out of the manometer, the 
volume changes of the ventricle plus intraventricular absorption accom- 
panying the salt administration were also determined Finally, the 
nuctoscopic distribution of Prussian blue precipitated from a ferro- 
cyanid mixture supplied directly to the ventricles was studied Only 
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experiments are here considered m which no possible leakage occurred 
between the catheter and the walls of the aqueduct The perfection 
of this connection was tested at the end of each experiment by careful 
search of the cerebellar cistern for granules of Prussian blue In some 
brains, not used for microscopic study, the perfection of the connection 
was tested by injecting the ferrocyamd solution into the catheter under 
a pressure far greater than the normal If the precipitate of Prussian 
blue could be found anywhere in the subarachnoid space it indicated 
leakage, and the experiment was discarded Figuie 5 is reproduced 
from a drawing of a cross section through the aqueduct and catheter, 
showing the latter m situ It shows the intimate contact of the catheter 
with the aqueduct 

In brief, it may be said that undei the experimental conditions 
described, mtraventucular pressure has shown changes and responses 
to test solutions qualitatively similar to those recorded m the subarach- 



Fig 5 — Transverse section through the aqueduct and catheter, showing 
intimate contact between catheter and walls of the aqueduct 

noid space The changes, however, are produced more rapidly and 
are not quite so well sustained Curve A m Figure 6 shows the effect 
on intraventricular pressure of an intravenous injection of 30 cc of 
distilled water A rise of 22 mm in pressure occurred— very much 
less than the rise of pressure usually produced m the subarachnoi 
space of an animal of this size following such a dose of water Curve 
B shows the fall of pressure caused by an intravenous injection of 7 cc 
of 30 per cent sodium chlorid solution Here the effect is more near > 
comparable to similar changes produced m the subarachnoid space a 
fall of 50 mm The rate of fall, however, is considerably more rapi 
In most cases the fall of pressure is preceded by a small preliminarj 

rise 


Determination of the amount of fluid displaced into the ventricle 
following salt administration demonstrated quite conclusively 
ventricular absorption had occurred, for the volume of fluid 
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placed was far in excess of any possible ventricular volume changes 
Details from a typical experiment may be cited The manometer was 
of such bore that 100 mm of pressure change required a displacement 
of 0 2 c c of fluid , it was filled with physiologic sodium chlond solu- 
tion The animal (cat weight 1 9 kg ) was given 8 c c of 30 per cent 
sodium chlond solution intravenously, a relatively large dose The 
intraventricular pressure fell from 155 mm to minus 13 mm This 
represented a fluid displacement of 0 34 c c In relation to the volume 
of the ventricles of such a small animal this is a large amount of fluid 
Though possible, it seems unlikely that a change of such volume 
occurred In other experiments, however, either a manometer of larger 
bore was used, or after the pressure had fallen in the small manometer 
enough fluid was repeatedly added to raise the pressure from 20 to 
30 mm above the existing level By these means amounts of fluid m 



Fig 6 Curves of intraventricular pressure changes 4 , the rise of intra- 
ventricular pressure following the administration of 30 c c of distilled water 
intravenously Immediately after the injection is begun the pressure begins to 
rise rapidly The elevated pressure is well sustained Twenty-two minutes after 
the injection the pressure remains 22 mm above its level before giving the 
water, B, the fall of intraventricular pressure following the administration of 
7 cc of 30 per cent sodium chlorid solution intravenously Immediately after 
the injection is begun a precipitous fall of pressure occurs Five minutes after 
the injection, the pressure is 50 mm below its previous level 

excess of 1 5 cc have been displaced into the ventricles and under 
technically perfect conditions, an intact connection of the catheter in 
the aqueduct having been demonstrated in all cases on which the con- 
c usion is based The experiments show that under the influence of 
sa t the ventricles will take up fluid greatly m excess of possible change 
in ventricular volume They made it quite clear that the passage of the 
errocvanid from the subarachnoid space to the ventricles, as m the 
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Fig 7 — Drawing under low power to sliow the precipitated Prussian blue in relation 
to lateral ventricle choroid plexus, same hi am as m Figure 3 Section was taken trans- 
\erselv through the right lateral ventricle and shows a portion of the contained choroid 
plexus Much of the precipitate no doubt was washed away The abundant deposit over 
the ependyma and its relation to the surface of the epithelial cells of the plexus may he 
noted All of the vessels show deposits about the endothelium and m places the pre- 
cipitate occurs within the lumen of the vessel 
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Fig 8 — Drawing under oil immersion to show the detailed relationship of the pre- 
cipitated Prussian blue to the structures of the choroid plexus The abundant deposit 
o\er the surfaces of the cells and its apparent passage between the cells toward the 
e ipillaries may he noted The vessel at the right shows the deposit lying between the 
epithelium and the nail of the capillary' In some situations the deposit appears to he 
ui the capillary wall, md m places it may' be seen adherent to the inner surface of the 
endothelium '\ns precipitate which might ha\e lam in the lumma has been washed awm\ 
n the perfusate The animal was giieu 13 c c of 30 per cent sodium chlorid solution 
ultras enoush The ferroesanid solution was supplied to the subarachnoid space from a 
nnnomaer of large bore 1 61 c c of the solution was displaced into the subarachnoid 
n \ c inu er diminishing piessure the injection has ing been begun sshen the cerebrospinal 
iint V resslU j " ls , . at . mm Brain fixed hs perfusion of the aortic arch ssith 10 pci 

i |uor tormalduisdi containing 1 per cent concentrated hsdrochloric acid 
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vessels in this region That at least a portion of the solution reaches 
these sites by passage from the ventncle outward there can be no 
doubt, for it occurs when the solution is supplied to the ventncle alone, 
as well as when supplied to the subarachnoid space 

Most interesting is the distribution of piecipitate in 1 elation to the 
choroid plexus It is intimately deposited about the epithelial cells of 
the tufts From these situations it can be followed into the vessels of 
the tufts and is also found m the spaces intervening between the epi- 
thelium and the vessels The mil aventricular distubution of the Prus- 
sian blue as seen under low magnification is shown in Figure 7 The 
section was taken transversely through the right lateral ventncle and 
shows a portion of the contained choroid Figure 8 shows the detailed 
relations of the granules to the epithelium of the choroid and the capil- 
lary vessels of the tufts as seen under oil immersion 

Certain minor differences may now be pointed out between sub- 
arachnoid and direct ventricular injections of the ferrocyamd mixture 
In the case of subarachnoid injections abundant precipitate is found 
in the choroidal fissure clinging to the meshes of the tela chorioidea 
In some cases the distribution of Prussian blue makes it appear that 
the solution has traveled along in this extraventricular situation out as 
far as some of the coarser tufts of the choroid, and has come along 
this extraventricular channel to he in very close relationship to the 
smaller vessels of the plexus Such granules would not represent an 
intraventricular absorption That this channel is not the chief pathway 
of absorption into the vessels of the choroid is shown by the fact that 
absorption into these vessels takes place when the solution is supplied 
directly to the ventncle, with exclusion of these extraventricular chan- 
nels about the tela chorioidea Finally, in certain experiments, the 
aqueduct was obstructed by the catheter and the solution supplied, not 
to the ventncle, but to the subarachnoid space under zero pressure, by 
pouring it into the opened space between occiput and atlas Under 
these circumstances the granules did not pass along between the laminae 
chorioideae to the smaller tufts but were present only about the larger 
vessels m the choroid fissure 

Finally, mention may be made of an alteration in absorption under 
the influence of salt consisting m the direct passage of fluid into the 
vessels traversing the subarachnoid space In control animals there is 
occasional evidence of the same occurrence only when abnormally high 
injection pressures are employed Controls injected under pressures of 
from 100 to 200 mm of the solution showed no deposit m the walls 
or lumina of these vessels and the process cannot be said to be a part 
of normal absorption All of the animals given salt, however, even if 
the ferrocyamd solution was offered to the subarachnoid space under 
zero pressure, show ed granules deposited within these vessels 
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SUMMARY AND COMMENT 

The expeuments described demonstrate that the curves of pressure 
change m the subarachnoid space resulting from salt administration, 
though possibly influenced by decrease of brain bulk and enlargement 
of the cerebrospinal spaces, are, nevertheless, fundamentally expres- 
sions of a profound disturbance m the mechanism of cerebrospinal 
fluid absorption 

The altered absorption causes changes m the grosser cufrents of 
the fluid There is an increase of the current forward about the base 
and downward into the spinal subarachnoid, while the current upward 
along the sagittal sinus is relatively diminished The current of fluid 
m the aqueduct is completely reversed, a retrograde flow from sub- 
arachnoid space to the lateral ventricles being established Determina- 
tions of the volume of fluid which so passes to the ventricles demon- 
strate that the retrograde flow is in consequence of intraventricular 
absorption and cannot be attributed to increase of volume on the part 
of the ventricles 

The disturbance m absorption itself consists m an altered rate of 
fluid passage along certain normal channels and the opening up of other 
channels through which normal absorption does not occur There is 
an increased rate of absorption along the sheaths of the cranial and 
spinal nerves, with possibly decrease or cessation along other normal 
channels — the arachnoid villi Conclusive evidence, however, is not 
offered m favor of the latter Under the experimental conditions 
described a reversal of flow m the perivascular spaces has been shown 
to occur and confirms the similar observation by Weed and McKibben 6 
This reversal of flow is due to absorption into the capillaries of the brain 
substance Absorption directly into the vessels traversing the sub- 
arachnoid space is also established 

Finally, it is shown that the intraventricular absorption induced by 
salt takes place through the choroid plexus into capillary loops of the 
choroid vessels and through the ventricular ependyma into tissue spaces, 
particularly m the region of the third ventricle The fluid absorbed 
through the latter channel finally reaches the perivascular spaces and 
vessels of this region 

The details of these alterations in the absorption mechanism which 
result from salt administration offer an adequate explanation of the 
fact that patients with an obstructive hydrocephalus show marke 
symptomatic improvement following salt administration The reaction 
m these cases is due to intraventricular absorption of the dammed -up 
fluid The salt induces absorption of fluid within the ventricles u icre 
normally no absorption takes place 
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l'he results of this study invite much speculation as to certain 
teatures of the reaction to salt administration which have not been 
touched on There is certainly an increased \ olume of the total fluid 
containing spaces within the cranium, owing to the great decrease of 
brain bulk This factor, coupled with the markedly increased absorp- 
tion of fluid along certain normal channels, and, in addition, the estab- 
lishment of drainage along new' pathways, leaves unexplained the factor 
which compensates for this outpouring from the “closed box” A 
compensating factor either m the form of increased volume of the 
intracranial blood vessels, or a supply of cerebrospinal fluid from some 
source, seems to be a physical necessity It is difficult to believe that 
such an extensive vascular readjustment takes place A retrograde 
flow of fluid m the aqueduct and the establishment of intraventricular 
absorption make it seem unlikely that the compensating factor is in 
fluid produced by the choroid plexus The same argument applies to 
the perivascular spaces as a possible source of supply 

A suggestion as to where the compensating source of fluid may be 
is found m the fact that the increased absorption along normal chan- 
nels, and that along the new' channels opened by salt administration, 
occurs at points where the process is probably one of osmosis The 
absorption via the nerve sheaths is doubtless ultimately due to a process 
of osmosis through the capillary walls separating the blood stream from 
the lymphatic spaces into which the fluid is passed by the nerve sheaths 
That which occurs backward into the perivascular spaces is most likely 
m consequence of an osmotic process occurring through the cerebral 
capillaries separating the perivascular spaces from the blood stream 
The same sort of process must account for the passage of fluid into 
the vessels of the choroid and those traversing the subarachnoid space 
At the arachnoid villi, on the other hand, normal absorption is thought 
to be a process of filtration and to take place in consequence of a higher 
pressure existing m the subarachnoid space than in the sinuses 5 It 
seems possible that the great fall of pressure in the subarachnoid space 
incident to the administration of salt reverses the flow' through the 
arachnoid villi which, under these circumstances, would become sources 
of cerebrospinal fluid supply and could act as the compensating mechan- 
ism Our failure to demonstrate increased absorption about these 
structuies, as a result of salt administration, is suggestive 

CONCLUSIONS 

1 Salt administration establishes a new ratio between cerebrospinal 
fluid production and absorption pressures, resulting m decreased tension 
of the fluid m the subarachnoid space and ventricles of the brain 
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2 Salt administration induces these changes in the mechanism 01 
fluid absorption (a) intraventricular absorption through the choroid 
plexus and ependyma, (b) absorption by the capillaries of the brain 
substance with reversal of fluid flow in the perivascular spaces, (c) an 
increased rate of absorption along the sheaths of the cranial and spinal 
nerves, and (d) direct absorption into the vessels traversing the sub- 
arachnoid space 

3 The administration of salt causes alterations in the gross currents 
of the fluid which are incident to the changes m the mechanism of 
cerebrospinal fluid absorption described above Chief among these 
alterations m the currents of the fluid is»reversal of flow m the aqueduct- 
and ventricular system 



THE RELATION BETWEEN OBLIQUE INGUINAL 
HERNIA AND WORKMEN’S COMPENSA- 
TION LAWS 


J M WAIN WRIGHT, MA, MD 
Chief Surgeon, Moses Taylor Hospital, Delaware, Lackawanna & Western 
Railroad Company and Glen Alden Coal Company 
SCRANTON, pa 

I INTRODUCTION 

Berger, m the opening sentence of his well known monograph, goes 
far to explain the entire foundation of the voluminous discussion as 
to hernia and accidents when he says, “There is not an individual who, 
having a hernia, at the moment when he noticed its existence, did not 
at once attribute it to an accidental cause, most often to an effort ” 

So we have a fixed idea inherent m the human race to combat, as 
well as the opinion of referees, boards and courts Many surgeons 
believe that practically no hernias are of traumatic origin and that they 
should not be compensated, many labor leaders and social workers 
believe that all hernias are traumatic and that all should be compensated 
The logic of the matter is just the same as it always is in the case of 
extremes, namely, that the truth lies somewhere between the two 

The present paper is the result of an effort to approach close enough 
to this intermediate point to form a fair and piactical working basis 
This effort is the outcome of a feeling that I have had for several 
years that the present legal and lay attitude is unsound, unscientific, at 
variance with firmly established medical facts, and that the attitude of 
courts and compensation boards is chaotic 

Several authors have attributed part of this confusion to the use of 
the word rupture as synonymous with hernia, A rupture is a tear, and 
what can cause a tear but an accident ? — So there you are 

It has been shown that the English courts of the last century are 
lesponsible foi a large part of the present difficulty These courts 
floundeied among directly contradictory medical witnesses, they did 
not have the benefit of sound scientific teaching which has been 
possible since hernia operations have become more common, and per- 
haps natuially they accepted “post hoc, ergo propter hoc” as the easiest 
argument Medical men, indeed, had no very good ground for combat- 
ing this attitude at that time Our own courts and compensation 
boards have largely inherited the impressions of the English courts 
of a century ago and ha\ e not changed with the change of medical 
opinion 

The fault howexer, is perhaps not so much with our legal confreres 
as -with the medical profession We haxe not impressed on courts and 
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boards the new knowledge developed by vast numbers of hernia opera- 
tions performed since the days of Lister 


II THE SACCULAR THEORY OF HERNIA 
The connection between oblique inguinal hernia and the unobliter- 
ated processus vaginalis is the foundation of the present day medical 
conception as to the cause of hernia Two French anatomists, Cloquet 
and Pellatin, m the eighteenth century called attention to the frequency 
with which this process persists English writers, notably Kmgdon and 
Macready, in the middle and latter part of the nineteenth century 
further called attention to this process and its connection with certain 
types of hernia 

It was not until 1899 that the full significance of the persistent 
processus vaginalis was definitely established by Russell, of Melbourne, 
Australia It is interesting to trace briefly the development of Russell's 
work At the Inter-Colonial Congress at Brisbane m September, 1899, 
Russell 1 2 3 read a paper entitled “The Etiology and Treatment of Inguinal 
Hernia m the Young ” He contended that all inguinal hernias m the 
young are protrusions into a preformed unobliterated congenital sac — 
that the “acquired” hernia in the young was unknown He cited in 
proof sixty hernia operations on children and infants m which the only 
procedure was obliteration of the sac Russell’s definite conclusions at 
this tune are confined to children However, even now he ventures the 
opinion that the same principle applies to adults, at least up to old age 
A year later, Russell" reiterated his views He then had eighty 
cases of simple obliteration of the sac m children, with no failures, and 
he was more convinced of the case in adults He concludes 


"1 Inguinal hernia m young subjects is caused by the presence of a con 
genital sac, and there is no other cause 

“2 Acquired hernia m the young has no existence in fact 
“3 All cases of oblique inguinal hernia occurring at anv time of life occur i 
subjects who are the possessors of a congenital sac 

“4 Subjects who have never possessed a sac, or in whom the sac has been 
efficiently removed, can never become the subjects of oblique hernia 

“I am able to find no e\idence of any kind m favor of the belief tiat ^ 
inguinal hernia ever occurs at any age, independently of the presence 
congenital sac ” 


In 1902, Russell’s Mist of operations m children was 115 > ^ 

of whom later showed a “slight weakness ” “There is no i 
ecologically between the inguinal hernia of children and ia 


1 Russell, R H Lancet 2 353 (Nov 18) 1899 

2 Russell, R H Lancet 2 1128 (Oct 20 ) 1900 

3 Russell, R H Lancet 1 1519 (May 31) 1902 
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people” He 4 then changed his former opinions and posited a con- 
genital sac also for femoral, obturator and ischiatic hernias 

Again, m 1905, Russell 5 6 expressed more firmly his previous views 
Speaking then of adults, he says, “I have never met with a case on 
the operating table that I have seen any reason to regard as being a 
case of genuine acquired hernia All my experience in surgery of adult 
hernia has been such as to force upon me the conclusion that there is 
substantially no difference between the hernia of adult life and that of 
childhood ” 

At that tune, he believed that, even m adults, simple removal of 
the sac is nearly always sufficient 

So far as I know, Russell’s 0 last paper appeared m 1906 In this 
he says, “A normal inguinal canal is fortified against the occurrence 
of a hernia to a perfection and a degree of strength in extravagant 
excess of any demand that can be made upon it by the feeble mtra- 
abdommal pressure ” 

Later, he 7 said 

“1 Where there is no developmental sac such as is provided in the case of 
the inguinal canal by incomplete obliteration of the funicular process, there 
can be no hernia 

“2 The normally formed inguinal canal is endowed with a strength and 
retentive efficiency for resisting hernia, enormously in excess of any demand 
that can be made upon it by the mere intra-abdominal pressure unaided by the 
presence of a sac” 

Russell soon received an active and militant supporter m Murray 
of Liverpool Murray 8 published six articles from 1906 to 1907 and 
a book in 1910 He quotes dissections of 100 unselected adults without 
history of hernia Twenty-one had a potential hernia sac, l e , an 
unobhterated processus vaginalis , seven had more than one sac, and one 
had four Later, he reports 200 dissections Forty-seven bodies had 
sacs, often multiple, so that there were sixty-eight sacs m all 

Mui ray says, “I firmly believe in the truth of Russell’s contention 
as to the congenital origin of the so-called acquired hernia ” 

III THp LITERATURE 

The saccular theory being now well launched, the opinions of 
medical writers on this and allied points connected with the etiology 

4 Russell, R H Lancet 1 707 (March 12) 1904 

5 Russell, R H Intercolon M J Australasia 10 408-424, 1905 

6 Russell R H Lancet 2 1197 (Not 3) 1906 

7 Russell, R H Lancet 1 683-685, 1907 

8 Murrat R. W Lancet 2 1246, 1904, Liverpool M -Chir J 26 207-210, 
1906, Lancet 1 363-365, 1905, Brit M J 2 1385-1389, 1907, Lancet 1 1113, 

lMO 2 445 (AA,g 1907 ’ Herma Its Cause and Treatment, Ed 2, London, 
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of hernia are of interest In this review it has been obviously impos- 
sible to read all the articles on hernia, but I have carefully read every 
available article listed m the Index Medtcus (about 200 m all), the 
title of which m any way suggested a discussion of etiology, trauma 
compensation, etc Only those articles which were found to have a 
special bearing are noted below 


BRITISH AND COLONIAL LITERATURE (EXCLUDING RUSSELL AND MURRAV ) 

Kmgdon 0 (London, 1864) draws attention to the importance of the unoblit- 
erated processus vaginalis and holds it connected with certain phases of the 
development of hernia He describes the popular belief in regard to strains, 
etc , and describes patients who think they strained themselves and noticed a 
hernia a few days later, and considered the strain to be the cause The beliefs 
and statements of the patients in 1864 were evidently exactly the same as they 
are now He says, “There is no evidence whatever to show that muscular 
exertion in health and by itself is ever a cause of hernia All cases spring 
fundamentally from the same cause, namely, fault in the peritoneum Hence 
it is concluded that hernia is a disease and not an accident, a pathological 
condition, not a mechanical lesion” (This m 1864) 

Macready 10 (London, 1893) ‘There are a great number of ruptures of 
which the contents are in an unobliterated part of the processus vaginalis, and 
it is impossible to distinguish these clinically, except in rare instances, from 
ordinary ruptures and not always even by dissection We are seldom able to 
use correctly the term acquired 

“The name rupture also is open to objection because it implies an opinion 
as to the mode of formation of the disease which has long since proved to be 
erroneous 

“There is no positive assurance that intra-abdominal pressure causes hernia 
at a given moment of time in a person whose abdominal wall is normal 

Stiles 11 (Edinburgh, 1901) “It is more than probable that the majority 
of all oblique inguinal hermae in adolescents and young adults are congenita! 

Oliver 12 (Newcastle, 1902) “Take what is known as rupture or hernia, 
which occurs with greater frequency m persons whose work obliges them to 
be long on their feet and who are exposed to sudden strains the lifting o 
heavy weights, etc What is said of it applies equally well to varicose veins 
in the legs Both of these may be partially the result of position assume ' 
the individual when at work, or the result of strain that he is exposed to, am 
vet it would scarcely be right to make the occupation responsible for an a ec io ^ 
the result of an inherent weakness in the abdominal wall which a °" e{ ^ 
portion of the intestine to protrude, giving rise to a rupture, or or 
nourished condition of the walls of the veins in the legs where y t ic 
vessels become distended and deformed” , 

Sheen 13 (Cardiff, Wales, 1904) “Under ordinary circumstances, tie 
explanation of the initial sudden appearance of a hernia lies in tie e\ - 
of a preformed sac ” 


9 Kingdon, J A Tr Med Chir Soc, 1864, p 295 

10 Macready, Jonathan A Treatise on Ruptures, London, 

11 Stiles Brit M J 2 599, 1901 o r 0 \9M 

12 Oliver, Thomas Dangerous Trades New \ork, E P « 

13 Sheen, W Brit M J 2 60, 1904 
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The conditions Sheen considers necessary for trauma to be regarded as 
a cause of hernia are 

“l Trauma must be a sudden general contraction, compressing the abdominal 
contents, as in lifting a too heavy weight, or in resisting a blow, or possibly 
a general abdominal squeezing, as m a buffer injury A localized blow on 
one part of the abdomen cannot cause a hernia 
“2 Must be small at first 

“3 Must appear immediately after the accident 

“4 Must be accompanied by acute pain and tenderness at the site of the 
hernia, and by the formation of a small lump there 

“5 Must be so acute as to compel the patient at once to leave his work and 
seek medical aid 

“The association of hernia with trauma is exceptional ” 

Chiene 14 (Edinburgh, 1907) “For practical surgical purposes, all oblique 
inguinal hernias are primarily due to a congenital or preformed sac” 

Corner 15 (London, 1907) gives observations on 700 hernias in children 
Thirty-four per cent of these children had multiple hernias (An indication of 
the importance of the congenital influence ) 

Sheen 16 (Cardiff, 1909), in discussing the difficulties of a lay arbitrator, 
says, “In the midst of a mass of ill-understood technicalities following the line 
of least resistance and giving judgment to the workman in these hernia cases 
the post hoc, ergo propter hoc view is naturally considered the easiest one 
“The sudden first appearance of a hernia in the sense that it constitutes 
an accident arising from excessive strain is a very rare but not impossible 
event Its sudden complete development in a pathological sense is improbable 
because the peritoneum cannot stretch suddenly to form the sac 

“The true traumatic hernia must be small at first I believe that the sudden 
first appearance of a scrotal hernia is impossible That the individual ceases 
work I believe is practically always true ” 

Deansley 11 ( Woh erhampton, 1910) “There are conclusive reasons for belie\ - 
mg that all, or almost all, inguinal hernias are congenital There is absolutely 
no reason to suppose that oblique inguinal hernia e\er arises without a 
preexisting sac formed by a patent funicular process ” 

Telford 18 (England, 1912) gives an able, academic discussion of the saccular 
theory, agreeing entirely with Murray, Russell, etc 

Roughton 10 (London, 1912) “I believe that all oblique inguinal hernia 
sacs in children and young adults are formed in this way [i e through a con- 
genital sac] and that thev are really never acquired ” 

Moffatt 20 (Cape Town, South Africa, 1912), draws the following conclusions 
‘1 Plerma is a congenital defect 

‘2 4 repeated intra-abdominal pressure makes it obvious 
3 The pressure is caused bj the performance of physiological functions 
and muscular effort 


14 Chiene Brit M J 2 1389, 1907 

15 Corner, E M Lancet 2 78 (Juh 13) 1907 

16 Sheen, \V Practitioner 83 334-338, 1909 

17 Deansle\ Brit M J 1 1487, 1903 

18 Telford Med Cliron 56 17, 1912 

39 Roughton E W Lancet 1 1534, 1912 
20 Moffatt H 4 Transraal M J 8 5-13, 1912-1913 
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“4 In the small number of cases m which a wrench, a special effort or 
a strain is honestly thought to have caused the hernia, the effort or strain 
has only made it apparent, not m any way caused it” 

Barnett 21 (Belfast, 1904), discussing the examination of an actual claim 
case says, “1 Was there a preexisting weakness, congenital or otherwise, which 
would markedly predispose to such an injury? If there was, then the accident 
was only an existing agent 

“2 Was there a preexisting congenital sac so slight as not to be noticed 
by the individual, but only requiring a slight strain to make it apparent? If 
so, the man cannot claim that the accident was the chief cause 

“3 Was there a preexisting hernia which the employee paid no attention 
to until an injury to the part drew his attention to it? Careful questioning 
and examination will reveal the truth ” 

Bennett 22 (Glasgow, 1917) “The position on examination seems to be 
that there is general acceptance of the view that the great majority of indirect 
hernias are of congenital origin — a view that is supported by embryological 
evidence, while the case for even a few of them being acquired rests on nothing 
more substantial than belief ” 

Handley 23 (London, 1918) “Murray and other surgeons have shown 
beyond doubt that the sac in nearly all inguinal hernias has existed from the 
beginning of life It is a matter of chance, depending on the degree of mtra- 
abdominal pressure, whether the preexisting sac is ever made evident by the 
descent into it of some of the abdominal contents ” 

Turner 24 (London, 1919) accepts the saccular theory of hernia and advocates 
an operative technic based entirely thereon He says, “I consider that the 
congenital origin of the sac in the vast majority of inguinal herniae has been 
conclusively proved ” 

He notes that many British soldiers developed a hernia during training or 
in the field who also gave a history of hernia m infancy or childhood The 
change from a sedentary to a military life evidently made these hernias, which 
were present m childhood, again become apparent to the person He operated 
on many soldiers in whom, according to the history, hernia had been present 
only a few days or weeks and “never once found any bruising or other sign 
of trauma ” , 

“The men (British soldiers) were practically all strong and well develope 
and otherwise healthy, and I strongly believe, in all these cases, that, tiougt 
the hernia appeared to have been acquired, the sac was a congenital structure 


FRFNCH LITERATURE 

Bouradel (quoted by Berger 25 ) “In the great majority of cases, hernia i 
not a sudden accident It is an infirmity prepared by a congenital nia orma 1 
Duchamps, 1 ' 1900 “Hernia prepared by a special disposition, c0 ”^ 
or acquired, appears often after a slight effort, which is its occasiona 
and not its efficient cause It should not be considered an accident 
and put as a charge on the employer ” 


21 Barnett, Norman Textbook of Surgery, London, He.nemann, 1914 

22 Bennett Glasgow hi J 88 134 (Sept) 1917 

23 Handley Practitioner 100 466 (June) 1918 

24 Turner Inguinal Hernia, London, F & A Churcbi , 

25 Berger, P Rei de chir 33 577-617, 1506 

26 Duchamps Loire med 19 25S, 1900 
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Jamm,” 1902 “There are very rare exceptions when hernia should be 
considered an accident of work” 

Thiltges 23 (Belgium, 1903) “The great majority of hernias of force have 
been prepared for a long time and come on the occasion of work, not by work 
“The vaginal process is very often unobhterated, and a very little force, 
cough, or the least effort of any kmd of work will force a piece of mtestme 
into it The hernia is only a late congenital hernia and does not deserve 
indemnity ” 

Sole," 0 1904, stated that in 1895 the German Bureau of Insurance allowed 
thirty-two out of 400 hernia claims Sole allows three classes of accidental 
hernia (1) wounds of the abdominal wall, (2) massive contusions (run over 
accidents, etc ) , (3) direct contusions 

Sole strongly insists that, in sudden hernia, pain must be “not vague, slight 
and moderate, but violent, like that produced by the blow of a whip, a pain 
which it is impossible to conceal and which can lead to syncope Pain persists 
several days and the part remains tender 

“The protrusion of a hernia is not the same thing as its formation It is 
simply the last phase of its development 
“All irreducible hernias are not recent” 

Berger 20 (Paris, 1906) has published the most elaborate and complete 
monograph on hernia in connection with “accidents of labor” that I have seen 
It covers about eighty pages of the Revue de chmugte and should be carefully 
studied in the original The work is based on carefully compiled statistics of 
more than 10,000 hernia cases in a large Paris clinic Only a few extracts can 
be given to show the trend of Berger’s authoritative teaching 

“We know that hernias, m the immense majority of cases, are not the result 
of an accident, that it is the accidental or professional effort which has 
revealed their existence Hernias, in fact, result from a slow process which 
has for its real origin a constitutional defect of the abdominal wall, or a 
congenital weakness, consisting of a true malformation, or acquired and depend- 
ing on a gradual weakening of the muscle and aponeurotic planes of the wall 
This imperfection, congenital or acquired, localized in certain anatomical regions, 
shows itself by the existence of weak points where are concentrated the effects 
of abdominal pressure, necessarily increased by physiological, professional, 
accidental and pathological efforts Under the influence of these causes, 
incessantly repeated, the weak point is forced to yield and a hernia is produced 
“This extrusion of viscera, unfolding the peritoneum m the abdominal wall 
and forming the hernial tract, is quite gradual The hernia insinuates itself 
slowh m the thickness of the abdominal wall and has existed there a long time, 
perfectly recognizable to the eve and hand of one accustomed to such examina- 
tions An accidental circumstance in determining a tension a little more painful 
than usual draws it to the attention of the patient” 

Berger found in 117 subjects who noticed a hernia immediately after an 
accident or effort, and who held such to be the cause, that there were one or 
more additional hernias in nmetj-six out of the 117 which had not been noticed 
‘True hernias of force, those which are determined by an accident, a 
traumatism, an effort m a normal individual, are an exception — a \ery rare 
exception The great majoritj of hernias which are referred to an accident 

27 Tamm These de Paris 1902 

2S Thiltges, N Prcsse med beige, Brux 55 786-791, 1503 
29 Sole J de med de Pans 16 27, 1904 
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ha\e as the original cause a predisposition created by a weakening of the wall 
or by a congenita! defect which has only hastened the appearance or more often 
only made manifest the existence of a hernia which already existed unpercen ed 
The existence of a double hernia is incompatible with the idea of a hernia 
of force 

“Most oblique inguinal hernias which develop slowly, spontaneously, or under 
the influence of an accident have a congenital origin ” 

Berger gives very valuable suggestions for the detailed examination of 
claim cases, the detection and weighing of evidence of old hernias and pre- 
disposing conditions and valuable suggestions as to the weighing of the 
professional evidence m the case, and directions for making reports of practical 
utility to attorneys, etc Other forms of hernia receive careful attention 
Am editorial 30 in the Journal de medecme de Pans, 1907, gives the following 
extracts from French court decisions 


“When the hernia shows no characteristics of a hernia of force, i e , suffering 
sharp, intolerable and prolonged it is not an accident of work” 

A lower French court and a higher court of appeal held against an applicant 
m whom a hernia appeared suddenly m the course of work, because the 
alleged cause represented no considerable effort (In the French courts, an 
adequate force is apparently necessary ) 

Another lower court, confirmed by a court of appeal, rejected a claim 
because the man continued his work after be felt the pains, showing hov 
moderate the effort was and the insufficiency of the effort to determine a 
hernia 

Another French court says hernia appearing after an effort, normal in the 
course of labor, does not constitute an accident of labor 

Moreau 31 (Belgium, 1909) “A hernia of force is produced at once, at i 
gnen moment in a sound man under the influence of an effort, unusual, well 
determined and violent, with the accompaniment of sharp pain 

“The hernia of weakness appears unconsciously, little by little, under the 
irfluence of repeated efforts, constituting really a professional disease, or it 
shows itself following an ordinary effort without great pain ” 

Tierlmck, 32 1909 “In hernia of force, pam is sharp and localized in t >e 
hernial orifice , there is malaise, weakness and often syncope Continued work is 
impossible Must see a doctor the same or the next day Fain lasts several ays 
“A strangulated hernia should not be considered due to a strain at wor 
unless it is shown that the strain surpasses the normal limits for the par 

ticular work ” , 

Poissonmer 33 1911 “If the worker is indisposed to such a degree that i 
hernia would have to appear eventually under the influence of t ie s ig 
effort, the court finds itself m the presence of the evolution of a disease a 


not an accident” era i 

Reclus” 1912 “Has the accident produced in the injured the seierc g 
and local phenomena which are always, as far as clinical observation e, 
the consequence of a traumatic hernia 5 If the facts are negatne, 


science is at rest 


30 Editorial, J de med de Paris 19 53, 1907 lQnq 

31 Moreau, C Med d acc.d du travail, Paris 7 J 40 ; 14 ^’ ^ 909 

32 Tierlmck, A Ann Soc de med de Gand 89 31- /. 

33 Poissonmer, M J d sc med de Lille - ^ 769 _ 77J l9 }2 

34 Reclus, P Rev gen de elm et de tberap , Paris 
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“We know that traumatic hernia is characterized by a violent pain such that 
the injured cannot stand up He falls and cannot rise without falling again 
His face is anxious, covered with cold sweat One finds, in the groin, a small 
swelling, very painful, irreducible and m which each movement, each pressure 
exaggerates the suffering Often on the following day, one finds edema and 
traces of ecchymosis ’ 

ITALIAN L1TXRATURC 

Caccioppoli, 1 1910 “The theory that a strain can produce a hernia is 
antiquated, hernia is a disease A force, to cause a sudden hernia, must be 
sudden, abrupt and intense Such a hernia produces such an intense and 
violent pain as to completely incapacitate any one for work ” 

(Further Italian literature on this subject has not been available ) 

AMrRICVlSf LITFRATLRE 

Manley 3 " (New York, 1892) “My own experience has led me to regard 
hernia of e\ery description, as always, in every instance, being attributable to 
so-called predisposing causes solely and alone , to congenital antenatal conditions, 
the active cause being an incident only and nothing more, bearing about the 
same relation to the infirmity that a local injury does to a cancerous growth 
“I am able to say, without any qualification whatever, that hernia is never 
attributable to trauma alone unless the violence be applied by some hard, heavy, 
sharp pointed instrument, which either punctures or rends the abdominal wall 
and that, when hernia appears after the application of an ordinary force it 
can ahvavs be demonstrated that it had previously existed, the accident or injury 
being an incident only in its evolution ” 

After an exhaustive review of the literature then available Manlev was 
“unable to find a single case of purely traumatic hernia recorded 

“I have never seen a case in which there vv as proof that a hernia was forced 
through any of the natural passages by inflicted violence among those who have 
been run over, who have been crushed m various ways, have fallen from a 
considerable height or sustained blows over any part of the abdomen 

“Physical force m itself can very seldom cause an abdominal hernia without 
at the same tune inducing mortal changes 

“It may be stated with emphasis and certainty that the direct application of 
concussive force is never a primary cause of hernia 

“There is no evidence that ordinary bodily traumatism aggravates the 
herniated condition, except in those cases m which it is applied immediately 
over the herniated area 

“A more general knowledge of the above facts by the general mass of the 
profession should, while m no way interfering with the fullest measure of 
justice being meted out to the injured or crippled, nevertheless greatly restrain 
those who have a hernia from making it the sole cause for demanding extor- 
tionate sums or instituting criminal proceedings ” 

Marcv " 7 (Boston, 1896) “The general opinion is that hernia is produced 
b\ some violent strain, or accident, for which in the general mmd the term 

35 Caccioppoli hied ital 8 519, 1910 

36 Manley, T H Hermae, Operative and Nonoperative, J A. M A 19 182 
( Vug 13) 1S92, The Relation of Phvsical Violence to Hernial Protrusions 
Through the Abdominal Walls, ibid 19 387 (Oct 1) 1892 

37 Marcv, H O Operation for the Cure of Hernia Viewed from a Medico- 
legal Standpoint JAMA 27 979 (Nov 7) 1896 
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rupture is a synonym, that is, a sudden giving way of the parts imoived A 
superficial study of the case might lead one often to arrive at this conclusion 
This is so exceptional that it represents a very minute fraction of the total” 
Coley ss (New York, 1902) “So far as known at present, traumatic hermae 
are produced or caused only by direct, heavy application of force, at the site 
where the force was applied ” 

Coley states that m 50,000 cases at the Hospital for Ruptured and Crippled 
in New York there were only four m which direct trauma was a probable 
factor, and even m these the proof was not absolute “It is extremelj doubtful 
if traumatism alone, without an open funicular process in the hernial canal, 
can ever produce a hernia ” 

Brown 39 (New York, 1904) reports the case of a jockey, 18 years old, 
whose horse reared and fell o\er backward on him The patient immediately 
became very ill, with severe pain, vomiting and collapse Dr Brown saw him 
a few minutes later and found a typical, small strangulated inguinal hernia 
This was reduced by taxis There was no previous history of a hernia Opera- 
tion two weeks later revealed a small sac containing omentum Opera- 
tion and recovery were uneventful (This case is abstracted somewhat fully, 
because it illustrates what any one would accept as a traumatic hernia Even 
here, however, a direct blow by some part of the saddle and also the presence 
of a congenital sac are possible Note that all the criteria of a traumatic hernia, 
such as excessive violence and immediate serious illness, are present ) 

Morgan 40 (Augusta, Ga, 1904) “Traumatism is occasionally a true cause of 
hernia, but only by direct violence One case in every 10,000 would be a liberal 
estimate for hernia as the result of injury 

“No concussive force, however severe, or simple increase of intra-abdominal 
pressure can ever be satisfactory as the primary and sole factor m the produc- 
tion of any form of abdominal hernia 

“The supposed sudden appearance of an acquired hernia is, m my opinion, 
always dependent on a mistaken observation ” 

His conclusions are 

“1 I think it is established by experience and a preponderance of testimony 
from our best authorities that indirect violence of any character can never be 
regarded as the cause of a hernia 

“2 Severe direct injury cannot be considered a causatne factor, except 
where the muscle wall of the abdomen is ruptured by the injury, and tie 
hernia appears at the point of injury 

“3 It is highly probable, if not absolutely sure, that in all cases of so-ca 
traumatic hernia where ordinary force only is applied, the true cause wi 
found in congenital defects and not as a result of trauma ” 

Fowler 41 (Brooklyn, 1906) “The fact that the formation of the me* 
important part of the hernia, namely the sac, occupies a period of time ex m 
mg, m some instances, over many years, and is frequently a congenita con J 
and the further fact that the occurrence of the protrusion results 
gradual traction and pushing forward of a certain isolated por ion 


38 Coley Progr Med 2 40 (June) 1 902 

39 Brown, F T Ann Surg 39 2S7-290, 1904 

40 Morgan, J B Am J Surg & Gjnaec 18 26-28, 1904-190a 

41 Fowler, G R Treatise on Surgery, Philadelphia, Y\ 


Company, 1906 
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abdominal wall, should decide the question against the contention that hernia 
is to be considered as resulting from an accident, particularly as a number of 
such hernias depend upon peculiar local conditions, such as the existence of 
lipomas, etc 

“A hernia may make its first appearance after an injury If, under these 
circumstances, it at once becomes strangulated, it may be deemed to be traumatic 
in origin” 

Fowler limits traumatic hernias to those following operation 
Andrews 42 (Chicago, 1907) “I am very skeptical of the role of even severe 
injuries in producing inguinal or femoral hernias or any other form of hernia 
I firmly believe that nine out of ten of the so-called acquired hernias of the 
railroad man, or any man in laborious occupation, after some fall or sudden 
jump from a high place or some crushing force — I do believe that the patient in 
that case either already had the hernia and did not know it or else that it was 
preexistent and he merely had am increase in size of it 

“There is often a time m the history of a hernia when even a physician does 
not determine that it is present After some strain, the patient will finally 
discover that he has a small inguinal lump or the physician will perhaps 
discover it This does not prove, however, that it has just come into existence” 
Butte 43 (Philadelphia, 1907) “The extrusion of bowel or omentum and its 
entrance into the sac are but the last of a long series of antecedent and pre- 
paratory changes Repeated muscular effort forms the way for the actual 
protrusion of the hernia The last effort is the culminating etiological factor — 
the straw that broke the camel’s back ” 

Eccles, 44 1908 “In the majority of cases, a hernia is of gradual and slow 
formation, and this without any tearing or breaking of tissue, such as is clearly 
indicated in the use of the word rupture 

“It is decidedly rare for a hernia to be formed suddenly, and the very fact 
that the applicant for compensation gives the history of a rapid development 
of his protrusion should of itself be a cause of suspicion 

“A person may aver that he has developed a protrusion not suddenly but 
at a period which is remote from the date of the accident, believing it to be 
caused by it If it is m one of the usual positions for a protrusion, the 

inguinal, femoral or umbilical region, it is highly probable that the accident had 
little or no part in its causation ” 

Outten 4 " (St Louis, 1908), who probably had a larger experience as a 
railroad surgeon than any other man, says, “Any surgeon who has made a 
careful study of the surgery of violence, that is, railway and allied injuries, 
must and will come to the conclusion that traumatic hernia is so extremely 
uncommon as to leave doubt as to its verity in almost every case 

“Sudden muscular effort can never be the cause of rupture I have never 
seen but one case of inguinal rupture m which the rupture was seemingly the 
product of an immediate injury 

The consensus of opinion with the great majoriti of authorities on this 
subject is against the possibility of the occurrence of hernia as a result of 
trauma 


42 Andrews, E \V Railwav Surg J 13 169 (Jan) 1907 
41 Butte, H J \eu York M J 86 739-742, 1907 

44 Eccles Hernia, \ew York William Wood &. Co, 1908 

45 Outten, Vi B Interstate M J 15 334-349, 190S 
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“Medicolegally, then, the existence of traumatic hernia has not been proven ” 
Coley 40 (New York, 1909) “Hernia is a disease rather than an accident 
The congenital defect, then, is the main cause of a hernia, while the 
immediate or exciting cause plays but a minor role ” 

Harbaugh, 4 ' 1909 “The symptoms of a true traumatic hernia are easily 
recognized and differentiated from hernia which passes into a sac which has 
been in the process of construction for a more or less long period of time ” 
Allport 4S (Chicago, 1909) “I am not a believer m traumatic hernias 
Ecchymosis, boggy swelling, local tenderness and congestion, mild febrile move- 
ment, etc, should just as certainly accompany genuine violence in the hernial 
region as in any other part of the body” 

Magruder 40 (Baltimore, 1910) “In most instances in which hernia is 
supposed to have been acquired as the direct result of an injury or a strain, 
careful investigation will prove that it existed before, but was either not 
recognized or, being rendered larger by increased strain, was brought suddenly 
to the individual’s notice 

“Localized blows over the abdomen, owing to the fact that they do not cause 
compression, cannot give rise to hernia 

“From a study of reported cases and a general review of the literature, it 
is fair to conclude that injur y is ne\er the direct and only cause of inguinal 
or femoral hernia but may be the means of increasing the size of, or calling 
attention to the presence of, a hernia which already exists In order that hernia 
can follow as the direct and only result of an injury, independent of previous 
weakness or congenital sac, some very severe and penetrating wound to the 
abdomen must take place ” 

Wood 60 (Philadelphia, 1910) agrees entirely with Russell and says, “Trauma 
may be an exciting cause of hernia in rare instances but only provided a sac 
already exists True traumatic hernia is of very rare occurrence 

“It is impossible for a hernial sac to form instantly, under ordinary 
circumstances ” 

Hessert 61 (Chicago, 1910) “A close study of this region at operation and 
examination of the sacs in situ and after removal forces upon one the con- 
clusion that many of these cases were of congenital origin The chief etiological 
factor underlying the development of oblique inguinal hernia in fully three 
fourths of the cases can be traced to the preexistence of a congenital sac, t ie 
result of faulty closure of a part or the whole of the vaginal process ,s 
proposition has been sustained in the last 100 operations in the aut lor . 
practice ” 

He reports studies on 503 infants, with the following result vaginal process 
open on both sides in 26 6 per cent , right side open in 12 7 per cent , left si e 
open in 5 1 per cent , or 44 4 per cent of infants have an open process on o 
or both sides 


46 Coley, in Keen, W W , and Da Costa, J C Surgerj Its Principles 
Practice, Philadelphia, W B Saunders Company, 1909 

47 Harbaugh, C H Med Exam & Pract 20 16-19, 1909 

48 Allport, W H Internat J S 22 162-167, 1909 T 

49 Magruder, W E Claims Arising from the End-Results o 

Baltimore, 1910 

50 Wood, A C Month Cycl & M BuH 3 11, l^O pp 

51 Hessert, W Surg, Gynec & Obst 10 2a2-2o6, 1910, discuss 

327-329 
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Bevan “ 2 (Chicago, 1910) says, m a discussion of Hessert’s paper, “I am 
quite of the opinion that the new taken by Russell and Dr Hessert and others is 
quite correct, that the preformed sac is the most important factor in both 
femoral and inguinal hernias ” 

Connell* 3 (Oshkosh, Wis , 1910), in discussing Hessert’s paper, says, ‘It 
reinforces my opinion that practically all oblique inguinal hernias are of 
congenital origin ” 

In discussing Pillon’s paper, to be noted later, Connell says, The occurrence 
of true traumatic hernia is unusual I have never seen such a case and I would 
say that, if it does occur, it must be with such a severe injury that the hernia 
will probably be of small moment” 

Foltz 54 (Fort Smith, Ark, 1910) says, “Accidental direct traumatic hermae 
are curiosities ” 

McCandless " (St Louis, 1910) says, “Nearly all oblique hernias are of 
congenital type and depend more on the preexisting condition than upon any 
present energy for their production ” 

Bendixen (Dai enport, la, 1910) says, “No hernia should be considered an 
industrial accident with the exception of the true traumatic variety, i e, the 
direct result of external violence 

"No employer should be held responsible for an anatomic malformation of 
his employee and should not under any circumstances be made to pay damages 
for said defect” 

MacLennan" (Chicago, 1910) gives an elaborate and convincing proof of the 
saccular theory of hernia and says that it “goes a long way to prove that the 
essential factor m the production of a hernia is the presence of a pre- 
existing sac ” 

He calls attention to the fact that, if one examines a patient with recurrent 
hernia at a time when it is reduced, it is impossible to force intestine or 
omentum into the sac by any degree of pressure of the surgeon’s hands on the 
abdomen 

Pember and Nuzum - ' 8 (Janesville, Wis , 1910), illustrating the point just 
mentioned by MacLennan, report the case of a laborer, 55 years old, whose 
abdomen was severely crushed between a boat and some fixed object The 
compression ruptured the intestine, and he died He had an old hernia, but 
nothing was forced into the sac by this see ere crush 

These authors have performed an elaborate series of experiments on cats , 
and, as a result of this and their clinical experience, say, “In true traumatic 
hernia, you ha\e the history of a most severe injury and the profound shock 
that always accompanies it, the protruding mass or swelling, and often ruptured 
internal tiscera Ihe indications are so plain that he who runs may 

read 

‘Traumatic hernia is not likely to be produced by a blow which is short of 
lethal, unless a punctured wound is produced 

\ blow which is sufficiently set ere to produce hernia tvould be certain to 
do sufficient tiolence to other abdominal organs to prove fatal” 


52 Bet an \ D Surg Gynec &. Obst 10 328, 1910 
H Connell, F G Surg Gynec & Obst 10 32 7 , 1910 

54 Foltz Raihtat Surg J 17 337, 1910-1911 

55 McCandless, W \ Railway Surg J 17 333-337, 1910-1931 
^ Bendixen, P A Raihtat Surg J 17 330-333, 1910-1911 

v MacLennan, A. Surg, Gtnec &. Obst 10 57-59, 5910 
Punher and Nuzum \\ isconsm M 1 9 663-673 1910-1911 
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Remeking 50 (Milwaukee, 1910), discussing Pember and Nuzum’s paper, says 
‘So far as true traumatic inguinal, femoral or umbilical hernia is concerned’ 
I have never seen a case 

“The diagnosis of traumatic hernia should not be made unless it can be based 
on the following conditions If seen soon after the occurrence of the injury, 
there should be pronounced local symptoms If seen later, the diagnosis should 
not be made unless the surgeon is previously familiar with the patient’s condition 
before the injury for the reason that, although the patient may be perfectly 
honest, a partial hernia may have been present without his knowing it 

“I have never seen a case which I could consistently call traumatic hernia 
at one of the hernial openings ” 

Harrington 00 (Milwaukee, 1910), discussing Pember and Nuzum’s paper, 
says, ‘The first and essential principle we should get in mind is that the 
presence of a hernia following force is not sufficient to bring it under the 
classification of traumatic hernia 

“You cannot get a traumatic hernia without severe shock and without the 
symptoms of an unusual and violent injury” 

Corwin 01 (Pueblo, Colo, 1910) writes a convincing paper on this subject, 
and quotes Charles Mayo, as follows “It is extremely doubtful if traumatism 
alone, without the funicular process m the inguinal canal, can ever produce 
a hernia The trend of surgical opinion is rapidly growing m the direction of 
considering practically all cases of hernia to be due to a preformed sac of 
congenital origin, which forms the great predisposing cause for hernia " 

Corwin also quotes A F Jonas, as follows “I believe that no man will have 
an inguinal hernia if his vaginal process is completely obliterated ” 

Frank' 2 (Kentucky, 1911) says, “If we have a peritoneal covering, that m 
itself is absolute evidence that we have not a traumatic hernia ” 

Bloch' 3 (Louisville, Ky, 1911) draws the following conclusions 
“1 Traumatic hernia is very uncommon 

“2 The occurrence of traumatic hernia is impossible without a predisposing 
condition 

“3 Traumatic hernia always presents unmistakable symptoms” 

Dugan "* (Kentucky, 1911) m discussing Bloch’s paper, says, “Any claim of 
traumatic hernia which is not accompanied by intense pam coming on sudden y 
is not well grounded most with intense shock” 

Corwin (Pueblo, Colo, 1911) refers to some experiments of his own, 
showing the strength of the inguinal canal, and says, ‘For a nscus to orce 
itself through a healthy abdominal wall by muscular contraction or jar seems 
well nigh impossible” 

He believes that, m an unsound body, an accidental hernia maj occu '’ 
a readiness depending on the degree of the abnormality, but acci enta 

m a sound body is improbable ’ t j, e 

Pilon, 10 1911 “A patient who complains of hernia, several dais 
accident, had a hernia before the accident occurred ” (Connell s discuss) 
this paper is noted above ) 


59 Reinekmg, H Wisconsin M J 9 671, 1910-1911 

60 Harrington Wisconsin M J 9 670, 1910-1911 

61 Corwin, R W Colorado Med 7 283-289, 1910 

62 Frank, Louis Kentucky M J (Jan 15) 1911 

63 Bloch O E Kentucky M J 9 S4-SS, 1911 

64 Dugan Kentucky M J 86 (Jan 15) 1911 

M Cnru m R w Am J Surg 25 93-95, 1911 

% SpC Railway S J 18 276-282, 19U-1912 
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Fort" (LouismIIc, 1911) “I do not belic\c that there is am such thing as 
traumatic hernia by indirect \ lolcncc ” 

^Miller' 8 (Villa Groie, 111, 1911) ‘I do not think we bare such a thing 
as traumatic henna A traumatism which has suflicicnt force to produce an 
inguinal hernia m a ring that is normal m its sire and without inherent weakness 
would inflict a fatal injury ” 

Moschow it? " (New York, 1911) shows how an inguinal hernia really can 
be traumatic He relates the case of a \oung Russian who, to escape army 
sen ice, was taken by Ins friends and laid on the floor One man sat on his 
head, another man ran a Finger into the groin Jins caused so much pain that 
the subject fainted lie was taken home and told to take snufT and drink yeast 
to make him lonut lie sneered and \omited all night and the next morning 
had a hernia It is interesting to note that the arms surgeons suspected some 
such performance and accepted this young man just the same 

The same author, m 1915, presented a \crv commemg scientific proof of 
the importance of the preformed sac and the raritr of traumatic hernia This 
paper should be read m the original Moschow it? sms, “Mv aim in writing 
this paper is to pro\c a fact at which I armed after many years of careful 
study, namely, that traumatic hernia does not exist” lie then makes an excep- 
tion to this statement to include only postoperutn e hernias and tho^c which 
are due to direct blow's of more or less sharp instruments, and those m which 
there is a distinct laceration of the tissues of the abdominal wall 

Plummer 70 (Chicago, 1915), who has had, for many years a large experience 
as chief surgeon of the Rock Island Railwar, publishes an important paper on 
this subject, which should be read m the original He states that he has seen 
many cases of severe injuries to the abdomen m people who have been run over 
by automobiles, injured m railroad wrecks, etc He has seen all kinds of 
ruptures of the abdominal viscera, but he has never seen an inguinal hernia 
follow such an injury, even in the severest cases He sa\s, “A single strain 
can never be the cause of a hernia Even if predisposing causes are present, 
a hernia cannot be forced down as the result of a seiere strain without 
stretching and lacerating the surrounding tissue so as to cause great pam as w'ell 
as edema and ecchymosis The patient will at once cease his occupation and 
call attention to the fact that he is injured 

‘Cases where the employer should be held liable are rare exceptions ” 

Duff 71 (Chicago, 1915) “Ninety-eight per cent of all hernias do not come 
under the Workmen’s Compensation Act ” 

Levings 7 ” (Wisconsin, 1915) “Hernia, to be classed as one of effort or 
due to traumatism, must occur for the first time during unusual effort or 
traumatism The hernia must be small, tense, painful and disabling, in other 
words strangulated ” 

Brickner 73 (New York, 1915) “Hermae through umbilical, inguinal or 
femoral canals are never traumatic, we believe (except, to be quite exact, m 
such rare instances in which a penetrating injury' actually occurred to these 
canals) 


67 Fort, F T Railway Surg J 18 412-419, 1911-1912 

68 Miller, J M Railway Surg J 18 417, 1911-1912 

69 Moschowitz, A V Ann Surg 54 265, 1911 

70 Plummer Chicago M Rec 37 307, 1915 

71 Duft, R R Illinois M J 27 184-188, 1915 

72 Levings, A H Wisconsin M J 14 273-276, 1915 

73 Brickner Am J Surg 29 223 (June) 1915 
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“Herniae discovered at one of those sites were present before the strain, 
fall or blow, potentially, or small, or, most often, fully developed but perhaps 
unnoticed ” 

Salmon' 4 (Ashland, Ky, 1915) presented an able discussion of this subject 
at the meeting of the Chesapeake and Ohio Railway Dr George Ben Johnson 
of Virginia offered a resolution which was unanimously adopted at this meet- 
ing, endorsing Dr Salmon’s paper and expressing the unanimous opinion of 
the association that hernia is never traumatic 

Smith 7 (Randsburg, Calif, 1916) quotes a personal letter from the Cali- 
fornia Industrial Accident Commission, as follows “The rupture must occur 
at once following an unexpected blow, fall or strain greater than the individual 
meets in the regular run of his occupation The production of the rupture must 
be accompanied by pain that disables the patient at once and continuously, and 
makes immediate recourse to the surgeon imperative The patient must, further- 
more, furnish clear evidence of the nonexistence of the hernia previous to the 
alleged accident ” 

Locher 70 (Baltimore, 1916) “The sac is the terminal result of a gradual 
process and not the result of a single sudden strain or effort ” 

Bacon 17 (Miami, Anz , 1917) relates an interesting phase of fourteen years’ 
experience in a mining community From 1903 to 1910, he saw no case of 
hernia m which accident was claimed as a cause From 1910 to 1914, he saw 
one case in which recent injury was claimed In 1915 the Workmens 
Compensation Law was passed, and in this >ear six persons claimed that a 
hernia was due to a recent injury In 1916 there were ten such cases, and in 
1917 there were seventeen such cases up to September 1 

Da Costa 78 (Philadelphia, 1918) “In true traumatic hernia, there are violent 
pain, collapse, vomiting, inability to walk or stand, and the mass does not 
return to the belly on recumbency, but must be reduced by taxis or operation 
Blake 79 (Boston, 1919), discussing a case of hernia claimed to have been 
contracted in playing baseball, says, “I doubt very much if a hernia is caused 
from sliding to first base or a sprint around the bases unless there was a 
previously large ring, probably a potential hernial sac ” 

Mock 80 (Chicago, 1919) gives an able discussion of this question m his 
valuable textbook On business and philanthropic grounds, he takes a broac 
view of the advisability of caring for the afflicted persons, although ie 
apparently accepts the current medical opinion concerning the influence o a 
congenital sac, etc 

Lauffer 81 (Pittsburgh, 1919) “Hernia m a preformed sac is a disease, 
irrespective of the circumstances accompanying the first appearance of a mas 
in the groin Peritoneum cannot be pushed out to form a sac bj am smg 
impulse 


74 Salmon, J M Virginia M Semimonth 20 290-292, 1915-1916 
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76 Locher Spectator (March 23) 1916 

77 Bacon T E Southeastern Med 1 9-12 (Sept ) 191/ _ 

78 Da Costa J C Modern Surgery, Philadelphia, W B Saunders 

pany, 1918, p 1275 

79 Blake, J B Internal Clm 2 90, 1918 p hlIade! ph.a. W B 

80 Mock, H E Industrial Medicine and Surgerv, Fhila P 

Saunders Company, 1919 „ , A ■» \g\g 
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“Acquired hernia as encountered m industries is likewise a gradual piocess, 
and, while its disco\cr\ may cause a surprise to the patient, it has really been 
a longer time on the way than lie knows of 

“Noted general and leading industrial surgeons are unanimous in their 
opinion that a hernia is to he classified as a disease, except the rare cases of 
general traumatic hernia 

“Over 4,000 hernias have been compensated m Pcnns\l vama [in the first 
three jears of the compensation law], 01 more than the real cases of traumatic 
hernia that have occurred in the western hemisphere since Columbus 

Colcord 5 (Clairtown, Pa, 1919) “The wrong idea of hernia, promulgated 
by English surgeons and English courts of the nineteenth ceiiturv and continued 
by our own courts and compensation hoards, has been productive of much 
injustice to emplovers of labor 

“The force which produces traumatic hernia is tremendous, far bc\ond the 
ordinary strains of labor 

“To have a real traumatic hernia we should lmc (1) direct violence at 
the point of hernia, causing such severe injury to the abdominal wall as to 
produce a hernia at once or m a few da\s, (2) indirect violence, causing 
enormous increase m intra-abdominal pressure far out of all proportion to the 
lifting, straining, etc , of ordinary labor 

“A hernia first complained of by the patient after an accident or a heavy 
lift does not prove that the accident caused the hernia It discovered it to 
the patient, if honest, or if dishonest it afforded him an opportuniti to sell 
an old hernia to his emplovers” 

Saunders 63 (Fort Worth, Tex, 191S) “It is inconceivable that the sac 
of a hernia can be formed by one violent act driving the abdominal organs 
against the peritoneum without breaking it wide open Such a condition 

w'ould be followed by signs and symptoms, both local and general, that would 
he unmistakable 

‘Hernia is not due to traumatism or injury, but is a perfectly natural occur- 
rence that may develop m any individual not made proof against it, or immune 
to it, bv a perfect anatomical organism 

“If he has a preformed sac, the only sure way an individual can avoid 
developing a hernia sometime is to die before it shows up ” 

Patterson 8 * (Harrisburg, 1918), as chief of the Division of Industrial 
Hvgiene and Engineering, Pennsvlvama Department of Labor and Industry, 
has had unusual facilities for a broad observation of this question and has 
published a very able article He has given a very interesting review showing 
the attitudes of various compensation boards on the question of hernia and 
clearly shows how foolishly different their rulings are His own opinion is 
that hernia in practically every case (except those very rare cases where a 
traumatism causes a solution of continuity of the abdominal wall) is the result 
of a prenatal anatomical defect and should be classed as a disease and not as 
an accident ” 

Patterson considers that all other cases will be considered as either con- 
genital or of slow development and not compensable, being a disease rather 
than an accidental injury, unless conclusive proof is offered that the hernia was 
immediately caused by such sudden effort or severe strain that 
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“1 The descent of the hernia immediately followed the cause 

“2 That there was severe pain in the hernial region 

“3 That there was such prostration that the employee was compelled to 
cease work immediately 

“4 That the above symptoms were of such severity that the same uere 
noticed by the claimant and communicated to the employer within twenty-four 
hours after the occurrence of the hernia 

“5 That there was such physical distress that the attendance of a licensed 
physician was required within twenty-four hours after the occurrence of the 
hernia ” 


(The foregoing five criteria have been adopted by the Legislature of the 
State of New Jersey and made statute law I would add one more item 
which I consider to be very important, namely, that the strain or whatever 
force it may be must be adequate ) 

The physicians constituting the Conference of the Industrial Physicians and 
Surgeons of Pennsylvania, at the meeting addressed by Patterson, unanimously 
adopted his views and recommended to the state legislature a proposed law 
embodying them This bill, for reasons unknown, was not passed 

Sellenmgs Sj (New York, 1920) “Any traumatism sufficiently severe to pro- 
duce a hernia acutely should, of necessity, be accompanied by shock, but shock 
is conspicuously not recorded in these traumatic hernias Indeed, the claimants 
m these cases quite generally continue their daily pursuits until seized by the 
inspiration of cause and effect 

“The sudden first appearance of inguinal hernia in the sense that it constitutes 
an accident is an impossible event The peritoneum cannot stretch mstantlj, 
but it has great power to stretch gradually Local blows cannot cause a 
hernia, they may cause a subcutaneous laceration 

“In academic discussions of hernia, apart from the medical-legal aspect, 
there seems to be a uniform acceptance of the congenital origin of hernia 
“Hernia is not the result of immediate sudden effort, it is always of slow 
formation, and very few individuals are aware of its oncoming Its develop- 
ment is gradual and almost painless 

“A hernia is a matter of scientific fact and not one of court interpretation 
Hopkins 80 (Chicago, 1921) “Personally, the more we see of these cases 
of traumatic hernia and of so-called traumatic hernia, with the alleged ease 
of their acquirement, and with the absence of symptoms that should haie 
presented at the time the hernia is said to have been received, the more firm is 
our conviction that the actual occurrence of true traumatic hernia, in the average 
individual who comes before us, is rarely, if ever, seen 

“No doubt there are cases of true traumatic hernia, but in railroad surgerj 
in particular, which calls for the care of patients who have recene se ' e ^ 
falls or squeezings through the abdomen and pelvis, producing extreme 111 ^ 
abdominal pressure, sufficient to cause rupture of the bladder, kidnei, >' > 

intestines, or to crush the pelvis, why is it that inguinal hernia is ne'er o ^ 
as a concomitant, unless the injuries were probably of sufficient se'crij 


cause death -mined 

Hopkins notices that in his railway experience employees vho are 
before emplo}ment present less than 1 per cent of claims or tra ”^ crn Elir0 - 
Emplo\ees in classes not examined which include largely the b 
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peans, present more than 99 per cent of the claims for traumatic hernia The 
first examination of 1S6 men showed forU -eight with either single or double 
hernias of long standing 

Moorhead 81 (New York, 1921) “Can a smgle act of \iolence cause a 
hernia ? 

“No, unless it has caused a se\ermg of the overlying muscular and fascial 
protectiv cs 

“No smgle isolated act of violence causes a hernia unless the overlving 
parts have been lacerated 

“No smgle act of violence aggravates a hernia unless that violence produced 
intra-abdominal pressure and immediate onset of symptoms” 

Burke 88 (Petersburg, Va, 1921) “The internal abdominal ring cannot, 
by any act of violence, be stretched sufficiently to permit protrusion and escape 
of abdominal contents, and at the same time the inguinal canal cannot be 
enlarged so suddenly as to allow this to descend into the scrotum Common 
sense alone will tell us that the parts would be torn, with resulting hemorrhage, 
shock, etc , and probably death if such an accident could occur 
“No hernia was ever caused by trauma” 

Black 8 ’ (Spartanburg, S C, 1921) “Traumatic hernia is so rare as to 
constitute a surgical curiosity, yet it does occur It is characterized by great 
pain, collapse, nausea and vomiting There is a distinct mass, exquisitelv 
tender, which does not disappear on reclining but may be reduced by taxis, 
or operation” 

Duncan” 0 (Omaha, 1921) “We must always keep in mind that the particular 
act or circumstance to which the hernia is attributed may have only enlarged 
a preexisting hernia sufficiently to make it noticeable to the patient” 

He reports that in six out of his own twenty-two cases of double hernia 
the patient was aw'are of hernia only on one side 

Coley, Leigh, Walker and Hopkins, 01 of the United States and Hutchison, 
of Montreal, 1922, have published the most recent, as well as the most 
authoritative, American contribution These surgeons have constituted a com- 
mittee on traumatic and industrial hernia for the medical section of the American 
Railway Association Their report should be read m full A few quotations, 
however, will serve to indicate their general attitude “The all-important cause 
of hernia of all varieties is the presence of a preformed sac of peritoneum 
“Unfortunately, courts and juries and compensation laws here and abroad 
have not kept pace with the developments of surgerv 

“Russell maintains that an acquired hernia does not exist, and recognized 
authorities on hernia have come to agree with Russell’s conclusions 

“Hernia is practically always due, first to the presence of a preformed sac 
or open pouch of peritoneum which, m the mgumal variety, follows the testis 
in its descent into the scrotum, which pouch has failed to close in the normal 
way , and second, to the presence of structural weakness in the neighborhood of 
the hernial orifices due to poorly developed muscles or fascia Given these 

87 Moorhead S Clinics N America 1 1573 (Dec ) 1921 

88 Burke, J M Internat J S (Feb ) 1921 

89 Black, S O South M J 14 625-629 (Aug) 1921 
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ali-important anatomical causes, which are m themselves sufficient in many cases 
to constitute a potential hernia, the actual hernia may develop by reason of a 
great variety of exciting causes, among these may be mentioned the daily 
increase m intra-abdominal pressure incident to the ordinary routine of life, 
e g, straining at stool, coughing, sneezing, lifting, etc The mam point that 
cannot be emphasized too strongly is that the hernia is never the result of a 
single strain or single increase m intra-abdominal pressure due to any of the 
causes mentioned, on the other hand, it is the cumulative effect of a great 
number of strains spread over a considerable period of tune In nearly all 
cases, hernia is of gradual onset, and is rarely accompanied by pam, and most 
frequently remains unnoticed until it has reached a considerable size or until 
some accident or strain, by slightly increasing the contents of the hernia sac, 
causes it to be noticed for the first time Hence, the accident or strain is 
usually the occasion which first attracts the attention to a hernia long present 
but hitherto undiscovered It has been a matter of almost daily observation at 
the Hospital for Ruptured and Crippled to find a patient applying for a truss 
or for operation for a hernia on one side, when careful examination discloses 
that he has a hernia on the other side, almost, if not quite, as large as that 
for which he applied for treatment The size of the hernia and the character 
of the sac as determined by operation prove beyond question that tins hernia 
existed for a long period and was quite unrecognized by the patient Hence 
it is true that, m many cases, a person who claims that his hernia is due to 
an accident or any injury may sincerely believe this to be the fact, because he 
was unaware of the presence of a swelling prior to the accident, although it 
had really existed for months or years before In all our experience we 

have never seen a single case m which there was any sound basis for the claim 
that the accident or injury was the cause of the hernia 

“Convince the commissions and the courts of the well-established surgical 
fact that hernia is a disease and not the result of an accident 

' Any case of hernia developing m the course of duty, incident to the man s 
daily work, should be treated as a disease due to special anatomical weakness 
on the part of the individual, for which the company is m no way responsible 
Brickner M (New York, 1922) “If those who are familiar with the anatomy 
of hernias stop to think of the matter, they must recognize that a fully de\ elope 
hernia cannot possibly be produced by any single blow or effort causing 
increased mtra-abdommal pressure The accumulating literature of recent years 
shows that the surgeons, especially, has e been thinking, and that the belie * 1 
hernias have their origin in strains and injuries is being gradually aban onc^ 

It is interesting to note, too, in occasional reports of decisions by courts aiu 
workmen’s compensation boards, that there is, correspondingly, a growing re : 
mtion of hernias as anatomical defects rather than as consequences o trauni 
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Grasser,' 3 1900 “It is the consensus of opinion among those 
given the subject most careful attention that the sudden complete d 
ot a hernia is a very rare occurrence, so rare that it is of hardly any significance 

from a practical standpoint” 

92 Brickner Herniae and Occident Claims, -km J Surg 36 1 
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Golebiew ski (Berlin, 1900, timshted b\ Bailei), quotes from the German 
Manual of Accident Insurance ‘To justify the payment of insurance, the 
hernia must be developed suddcuh and be accompanied by intense pain 
The sudden de\elopment of a hernia nnariably causes pain of a character so 
intense as to be almost unbearable, to which the affected mdiudual nnoluntarily 
gnes expression, and which obliges him to interrupt his work and to consult 
a physician at once If no proof of this kind is forthcoming, it is to be 

presumed that the work during the performance of which the descent of the 
hernia occurs furnishes the occasion of the same but does not act as its cause, 
and is, therefore, to be regarded as the cause leading to the discorer} of the 
condition, not as the cause of the hernia itself ” 

Sultan" (Gottingen, 1902, edited by Cole}) It mar he emphasized that 
complete protrusion of the peritoneum into a hernial sac nerer occurs from a 
single augmentation of intra-abdominal tension, no matter horv great it ina} 
be Such a protrusion ahvars occurs slowly, as the result of the repeated effect 
of some of the influences just mentioned 

“If a hernial tumor suddenh makes its appearance during a marked increase 
of intra-abdominal tension in an indiridual who has prcviotish presented no 
signs of hernia, we may be sure that the hernial sac was either congenital 
or gradually formed during some period of extra-uterine life 

‘A hernia, complete in all its parts, can nerer arise at the moment of an 
accident or by a single augmentation of intra-abdommal tension, be it erer so 
great If the hernia appears at the time of the accident, we may certainly 
suppose that the hernial sac either was congenital or gradually formed m the 
manner already described ” 

Von Bergman,"" 1904 The article on hernia m this s}stem is by Grasser, 
who confirms the \ lew's previously quoted and sa}s, “Only a very small per- 
centage of hernias are the immediate result of accident The early stages of 
hernia are overlooked by the majority of individuals, and the patients are not 
aware of the condition until the hernia is perfect!} evident to everybody 

“About one out of every fifteen males deielops a hernia In operatne cases, 
about 30 per cent show' a patent ’lagmal process [that is, a typical congenital 
type of sac (’’)]” 

Berner,” 1904 “A sudden development of inguinal hernia is theoretical!} 
impossible and has not been demonstrated practically” 

A.derholdt and Silberstein," 9 1908 “We believe that hernias due to over- 
exertion are to be relegated to the realm of fancy In this we are supported b} 
so experienced a man in the line of hernias as Goertz, who believes that the 
only cause of traumatic hernia is an actual accident and who no longer acknowl- 
edges over-exertion while working as a cause” 

Krymow', 01 1910 “In the inguinal region, oblique hernias are ahvays of 
natural origin, but direct hernias may be artificial ” 

94 Golebiewski, translated by Bailey, Pearce Diseases Caused b} Accidents 
1900 

95 Sultan, George Atlas and Epitome of Abdominal Hernias, edited by 
Coley, 1902 

96 Graser in Von Bergman System of Practical Surgery, 1904 

97 Berner Aerztl Sachverst -Ztg , Berlin 10 472, 1904 

98 Alderholdt and Silberstein Ztschr f Orthop Clur 20 1-47 1908 
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Schlender,’ 00 1910 “In every traumatic hernia, one is able to prove the 
existence of a bodily injury which consists of wounds, or strangulation, or both 
1 Accidental hernias may depend on the existence of congenital tendencies 
or pathological circumstances Indemnities are not necessary in these cases" 
Dreesman, 1 ” 1911 “A true hernia, i e , a hernial sac and its contents without 
signs of strangulation, cannot be brought about by a single injury” 

Scharezky, 10 ' 1913 “Without a more or less open processus vaginalis, no 
protrusion of the peritoneum can take place m the region of the internal inguinal 
ring from which a hernial sac would eventually be formed ” 

Kolb, 103 1915 “Demands for payment of accident compensation on account 
of sudden exacerbation of preexisting hernias are frequently and justly 

refused, because any hernia is naturally liable to develop and enlarge further 
and because such enlargement caused by work and at work must be regarded 
as an occupational disease ’ 

Schepelmann, 191 after describing the inguinal canal, says, “In such a canal, 
either a congenital or an acquired hernial sac can occur, but never because of 
a single trauma, only by means of long-contmued pressure, except if strangulation 
took place ” 

This writer quotes from the Imperial Insurance Bureau, as follows, “Whether 
the first appearance of hernia under the influence of an industrial accident 
is liable to compensation must be accompanied by proof of (1) no previous 
hernia, (2) strong peritoneal inflammation, vomiting, insufferable pam, incapac- 
ity for work, eventual collapse, (3) the injured person must visit a doctor 
within the first three days, (4) the accident must have occurred in the per- 
formance of work unusually heavy for the injured one, and even too heavy 
for a healthy person ” 


IV THE PRACTICAL APPLICATION OF THE SACCULAR THEORY 

The foregoing review of the medical literature as noted covers my 
personal review of every title bearing on this phase of hernia m the 
French and English literature, and also of abstracts made by the 
American Institute of Medicine of all the Italian and German titles 
available m the New York libraries This has included more than 200 
articles m all It is a rather convincing argument that every writer 
has agreed more or less in complete detail with the opinions direct } 
quoted Not a single article was found taking issue with any o tie 
principles, with the single exception of a brief note by Keith, a Britts i 
embryologist, who differs with Russell in a minor way concerning t ie 

embryology of the femoral canal 

It would seem that this review of the literature without « 
recapitulation should be convincing evidence that the real cotmec jo 
between oblique inguinal hernia and trauma, accident or t ie 
tion laws is a very limited one Even the most skeptical sboul <g 
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that it shows that the 4,000 cases m thiee years m Pennsylvania repre- 
sent an absurdly giotesque situation 

There can be no giound whateiei foi denying that a congenital sac 
is present in practically eveiy case of oblique inguinal hernia, and that 
this is the gieat and efficient predisposing cause of this type of hernia, 
and, of its own account, without any essential exciting cause, is 
responsible for the natuial production of most hennas Medical opinion 
is unanimous on this as a scientific point It is founded on incontro- 
vertible evidence of dissections, operations and clinical observation 
However, from the standpoint of woikmen’s compensation, the issue 
is different Even if a man is the carrier of a congenital sac, it is 
freely admitted that he may go through life without an actual hernia 
developing in it When such a man can definitely establish that no 
hernia was present before, but that, on a certain occasion, a great and 
adequate force has produced an actual palpable hernial tumor, he has 
been changed from a man who was, to all intents, in a state of normal 
capacity for work, to one who now has a disability requiring a serious 
operation for its cure and for whom, without a cure, hard manual 
labor may be difficult, dangerous or impossible A part which, though 
weak from birth, has not been a source of disability has now become 
such a source, to at least some extent The workman is in little, if 
any, different situation from a man who since birth has had a vision 
of 20/40, good enough for work, but who as the result of an injury 
has had a change in vision sufficient to cause a real disability 

In regard to hernia, though, such a condition can arise only very 
rarely, and only under the most distinctive accompanying circumstances 
which manifest themselves without shadow of doubt And here is 
the real crux of the whole problem Even if the funicular process 
does persist into adult life, the internal ring is not a gaping opening 
Indeed, really, it is not a ring at all, but it is a muscular sphincter 
closing tightly down on the cord The fact that, in a particular case, 
a filament of delicate membrane, thinner than the thinnest tissue paper, 
also passes down with the cord m no way alters the physical integrity 
of this muscular ring which fits the structures passing through it as a 
bottle fits a cork The normal unstretched ring holds this process 
constricted to the point of complete impermeability For this reason, 
we should speak of a persistent, not a patent, funicular process Now, 
for a part of the abdominal contents to be forced through the ring for 
the first time, tight muscle must be stretched, more probably torn, 
fascial and aponeurotic structures must be torn, and the force to do 
this must be enormous The tearing and stretching must cause immedi- 
ate, very intense and prolonged pam There must always be decided 
shock or collapse The resumption of work cannot be thought of 
The man doesn’t need to tell his companions that something has hap- 
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penecl They can see it and have to cany him away A physician is 
demanded post haste Such a picture, and such a picture only, can 
accompany the incident when a viscus is driven for the first time through 
the internal abdominal ring, prefoimed sac or no sac Such a case is, 
of course, compensable The five critena of Patterson, plus the sixth, 
adequate force, must be piesent in an emphasized and unmistakable 
degree For the sake of brevity, such cases will be referred to below 
as including the six criteria Yet how different such a case is from 
the typical cases with which our compensation boards bar e to deal A 
man while at work slips or wrenches himself, feels a pain m the groin, 
does not stop woik, or stops only for a few minutes, tells no one, 
continues regularly at woik the same day and thereafter Naturally, 
he feels of himself where he is soie, and, at the moment, or, more often 
that evening or several days later, he notices a lump, and with him the 
question of cause and effect is settled Veiy often the process of 
reasoning is reversed The employee notices a lump in the groin, 
lecalls some “strain” which occuned not too long ago to be responsible 
for it, and a dignified compensation board must meet to consider whether 
this process of reasoning has been correct 

To consider more in detail which cases of claim for hernia should 
be contested and which should be paid, they may be divided into 

1 Hernias by duect external violence 

2 Hernias of effort, Type 1 (French hernia of force) These are 
hernias alleged to be due to muscular effort and appearing suddenly 
and immediately, under adequate and convincing circumstances 

3 Hernias of effort, Type 2 (Fiench hernia of weakness) These 
are hernias alleged to be due to muscular effoit and appearing gradually 
shortly or remotely after trivial effort, and under inadequate and 


unconvincing circumstances 

1 Hennas by Dnect Violence — These cases, though very rare, do 
occur The external force is that caused by a more or less sharp bod}, 
like a wagon pole or a bull’s horn The application of the force must 
be adequate, i e , all six criteria of the typical compensable hernia 
must be present, more particularly since such a force must pro uce 
considerable subcutaneous laceration of the tissues For the after 
reason, especially if there is considerable edema or subcutaneous hemor- 
rhage, the hernial tumor may not be determined until ater 
cases, rare at best, are rarer still in inguinal hernias Punctured w oi n 
followed by hernia speak for themselves 


It should be remembered that 

(a) Localized blows, however violent to other parts of th ® 0Itl 
never yet have produced and never will produce mguina 
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(5) A widespi ead contusion of the abdomen may laiely cause 
inguinal hernia The six critena must be piesent in unusually marked 
degree Ruptuie of abdominal visceia will almost always be present 
m addition A diffuse contusion is moie liable to cause diaphi agmatic 
hernia and death than inguinal hernia and a law suit 

2 Ho mas of Effoit 1 vpc 1 —These are hennas alleged to be due 
to musculai effoit and appealing suddenly and unmediate’y, undei ade- 
quate and convincing circumstances Real cases of this kind will 
occasionally be met If a man can leasonably establish that he had no 
hernia before a ceitain episode, if this episode was accompanied by 
a sufficient muscular effort to make possible the stretching and tearing 
of muscles, fascia and aponeurosis, pieviously intact, if the immediate 
results are those that any medical man oi intelligent layman who has 
had the matter explained to him must lealize would have to be, that 
is, if the other five critena of Patteison ate present, then a compensable 
hernia has been produced In such a case, the haim can be dnectly 
laid to the accident, and, as Cole) says, it is immateiial whethei a pre- 
viously empty preformed sac was piesent or not 

3 Hennas of Effoit Type II — These are alleged to be due to 
musculai strain and to appear gradually, shortly or remotely after 
tm lal effort and under inadequate and unconvincing circumstances 
These persons make the greatest number of claims for compensation, 
and are responsible for the greatest numbei of contests befoie boaids 
and courts They are, however, exactly those m whom there is always 
a congenital sac The hernia has been forming slowly foi months 
or years The process has been painless , the claimant has been quite 
unaware that it was going on The most trivial muscular efforts at 
work, at play or at home, the ordinaiy physiologic functions, such 
as coughing, sneezing, strains at defecation or micturition, have all 
oeen helping over a long time, gradually and painlessly, to dilate the 
internal ring, spread open the persistent process and force intestine oi 
omentum into the congenital sac The hernia has, m all probability, 
already been present for sometime before the trivial incident calls the 
Alan’s attention to his groin 

Even if the incident which the claimant alleges as the sole and final 
cause of his hernia has made it a little larger and more evident to 
himself and other laymen, it has not produced any material change 
and has aggravated nothing in the sense that it has created a new condi- 
tion which justifies holding the employer responsible for a slightly 
smaller hernia which has already been present for a long time The 
mere fact that a given hernia does, after a certain incident contain 
a little more intestine or omentum than it did before does not essentially 
alter its condition, does not produce a new condition which is more 



630 


ARCHIVES OF SURGERY 


disabling than it was before, and does not m any way create a new 
condition for which the employer should be made to pay 

Another possibility is present We know that the bulging of the 
preformed sac and the dilatation of the ring have been going on for 
sometime under the constant minor strains of daily life The small, 
persistent, but empty funicular process has finally grown so that now it 
is an adequate hernial sac Let us suppose that it was some incident 
during the course of labor which has finally pushed a piece of intestine 
into this now open and waiting sac The last strain is not the cause 
of the man's having a hernia any more than any other of the countless 
strains that perhaps ever since birth have gradually been helping to 
produce the final result As Moorhead has well said, it is no more 
logical to hold this final strain to be the cause of a hernia that has 
been slowly developing for months than it is to consider the last 
expulsive effort of a woman m labor to be the cause of another human 
infant’s being born The last labor pam is no more the cause of a 
baby than a thousand other incidents of the past nine months 

To take a second illustration A farmer starts to chop down a 
tree, a crooked weakling, which is not developing properly After a 
few blows of the ax, he is called away A few days later he returns, 
chops a little, and is again called away, and so on for several times 
during the next few weeks Finally, one day he comes, strikes one 
last blow, and the tree falls The parallel to what has been happening 
m this class of hernia is very close — each little strain, causing an addi- 
tional bulge of the preformed sac, is like each blow of the ax But 
the last blow of the ax is not the cause of the tree being chopped 
down any more than the last effort that finally drives a palpable bit 
of intestine into a ready and waiting sac is the cause of a hernia The 
real reason for chopping down the tree was that it was a crooked 
weakling The real cause of the formation of a hernia was the existence 
of a congenital sac, which had been gradually enlarging through the 


countless strains of every day life 

A third illustration is more directly apropos Some one has to 
of a young foreigner who, to avoid military service, provided himse 
with a stick which he at frequent intervals placed against his groin 
and struck with a hammer After Jong perseverance, he finally produccc 
double, direct, inguinal hernia The last blow of the hammer was tw 
the cause of these hernias, any more than was the first, or any o 
intermediate ones Yet, if instead of the last self-mfhctec o\\ 
could adduce an accidental blow of a hammer while at worn, ie " _ 

ask, and in many states receive, compensation In other von > ^ 
pensation boards would hold that it was the last blow o 
which did cause the hernia 
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A practical phase of these slowly developing hernias is this In 
persons with a persistent funicular piocess, very often a final complete 
hernia is necessarily going to occur A hernia will come anyway , work 
or no work If the hernia is actually present at birth, no outsider is 
expected to pay foi it If it develops during infancy or childhood, 
no outsider is expected to pay for it If the final event comes m adult 
life, why should the employei at that paiticular time have to pay for 
it, even if the “final blow” was an incident of work? 

Consideration of the Type 2 hernia may be summed up as follows 

1 The six criteria of a tiue compensable hernia are conspicuously 
absent 

2 In the vast majority of cases, the actual hernia has already been 
present and the alleged injury only calls attention to it 

3 If the alleged injury really did first force viscera into the waiting 
sac, it has simply produced a further stage m a naturally progressing 
process, and has in no way created a new condition demanding com- 
pensation for the final product 

4 Similarly, if an admitted hernia is made larger by a strain at 
work, it creates no new condition demanding compensation for the 
final product 

5 Any result, to receive any consideration at all, must be immedi- 
ately present If a “sudden” hernia, or an enlargement of an old 
hernia is noticed, several days after an alleged injury, there is no proof, 
no evidence and even no probability that the alleged injury had any- 
thing to do with it 

V THE REMEDY 

I feel as much as any one that a person with a hernia justly caused 
by work should be compensated Also I am just as glad as anyr one 
to see assistance given to disabled employees I believe, however, that 
the employer should be protected from fraud He should not be made 
to pay for an old hernia, and he should not be made to pay for a 
hernia that was not really caused by work , nor m the gradually develop- 
ing hernias should he be compelled to purchase the final product 
because the job happens to be finished while the man is m his employ 
In fairness, too, a law that involves a scientific medical question should 
be determined m accordance with the best scientific medical knowledge 
on that question The law should be more clearly and definitely deter- 
mined The employer should know which cases he is properly liable 
for under the law and which cases he can handle as a matter of humane 
business policy 

The remedy, or at least a great improvement, should not be difficult 
to obtain There are two important measures first, better instruction 
of tlie medical profession through the distribution of such literature as 



i 


632 ARCHIVES OF SURGERY 

the Report of the Hernia Committee of the American Railway 
Association , second, an active, systematic and efficient defense of unjust 
cases Part of the trouble is that we have let these cases go by the 
board , it w as cheaper to pay than to fight But the claims are now 
becoming so numerous that this is no longer the case 

The defense should be made adequate Competent surgeons of 
unquestionable standing, outside the company’s list, should be obtained 
to explain the scientific basis of hernia and why the case in question 
is considered to be an unjust claim 

I think that not many cases will need to be presented m this way 
before boards and courts will be led to take a much sounder attitude 


VI COLLATERAL ISSUES 


1 Sti anqulated Hernia — These cases will ordinarily present little 
difficulty They will generally be Type I effort hernias, and the degree 
of force and all six criteria will be unusually^ prominent If the circum- 
stances are straightforward, compensation should be allowed It will, 
so far as right to compensation goes, make no difference whether 01 
not a definite hernia was known to be present 

Even m these cases, one definite demand must be made, namely, 
the effoit must be distinctly gi eater than that ordinarily encountered 
in the course of the particular kind of labor Otherwise, it should not 
constitute an accident of labor It is not sufficient that the strangulation 
occurs simply during labor A clerk with a well known large hernia 
might develop strangulation while sitting, quietly writing He should 
not be eligible to compensation He would be, of course, if the strangu- 
lation was caused by moving a heavy desk 

Operation expenses and time lost should be met as provided by the 
individual law In my own opinion, disability after any hernia opera- 
tion should extend for at least three months after date of operation 


Recurrences after operation for strangulation are more common 
than m simple cases If recurrence does occur and if it causes dis 
ability, it will probably be necessary to accept the later condition as 
due to the original strangulation 

2 Opoation Elected Aftei Relief fioin St> angulation -There i 
another point m connection with strangulation which arises occasions } 
A case is being contested under my observation now which P rese ^ 
the following circumstances A man who was known to hai e a ien 
suffered a strangulation under circumstances that were evi ent y a 
accident of work He was taken at once to a hospital and the stnuigw . 
tion was relieved by taxis The man then, at least after a ev 
was as well as ever, and the local condition was the same 


before 
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A brief temporal y disability is allowable However, the man has 
been so impiesseci by the gravity of strangulation that aftei complete 
lecoveiy be elects to have an opeiation Now, it is obvious the man 
has returned to the condition in which he was before the strangulation 
He is pei haps even in just the same condition as when he first began 
to work foi lus present employei It is obviously unfan that the 
present employer should have to pay for the operation and the sub- 
sequent disability, an operation which the man elected himself but 
not because the temporary sti angulation made it necessaiy 

A French medical officei leports the case of a cavalryman who, 
while haring great difficulty in sitting a fractious horse and having to 
pull hard on the lines, suddenly felt a sharp pain in the groin He at 
once got oft his horse and fell to the ground in great distress The 
medical officer was present, leached the man at once, and found a 
typical stiangulated hernia and reduced it at once The man had never 
had a hernia before lie continued as a cavalryman for more than 
two yeais under the observation of the medical officer and never had a 
recurrence of the hernia, 01 any other lenunder of the incident This 
shows that a temporarv sti angulation is not necessarily a cause of 
any disability 

3 Rccunence Aftci Opeiation foi Radical Cine — The condition 
of the subject operated on by a competent surgeon may be interpreted 
in two ways He may claim, with fairness, that the inguinal canal is 
as strong as it was before Indeed, it may be stronger, because a con- 
genital sac has been removed On the other hand, the scar tissue after 
the best operations sometimes gradually yields, apparently from no 
extrinsic reason With this understanding, recun ent hernias mav be 
divided into three groups 

Group A (Hernias of Effort, Type I) If a man has remained 
cured after operation and deve’ops another hernia under conditions 
which exhibit all six criteria, it should create a compensable condition, 
just as though no operation had preceded Furthermore, compensation 
in such a case should be considered a de novo matter and should be 
met by tbe employer at the time Under these circumstances, it should 
not be considered as a late result of the previous cause and should 
not be charged to the employer at the time of the previous accident 

This, however, is an interpretation which should work both ways, 
1 e , if a man has been well after a radical operation for a hernia 
originally compensable and suffers a recurrence under aggravated cir- 
cumstances corresponding to Type I, not connected with work but m 
sports, for instance, he should not be allowed to refer the hernia to 
the compensable accident which preceded the radical operation 
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Group B A man develops a hernia under circumstances justly com- 
pensable He has a radical operation His case is duly settled, but 
sometime, even years later, from a trivial cause, or from no apparent 
cause at all, the hernia recurs Under these circumstances, the claimant 
is undoubtedly justly due compensation on account of his new condi- 
tion The operation has not really cured him, and he is in just the 
same situation m regard to compensation as he was before the operation 
Group C A man has had an operation for a hernia which originally 
was not connected with industry, definitely obvious since birth, for 
instance Such a case should be judged exactly as if he had had no 
hernia and no operation If recurrence takes place under typical Type I 
conditions, he should be compensated The barrier which broke down 
might have held up foi life had not an adequate force suddenly 
broken it down All six cnteria, however, must be present, just as 
when an unoperated canal is broken down for the first time On the 
other hand, when an operated canal gives away gradually and under no 
definite force, it is quite comparable to a Type II hernia and should 
not be compensated 


VII THE EXAMINATION TO DETERMINE WHETHER THE HERNIA 
EXISTED BEFORE THE ALLEGED ACCIDENT 

If the claimant is seen within a few hours after the alleged injury, 
theie will generally be little difficulty in deciding whether the hernia was 
preexistent As the time increases, the difficulty will increase 


Histoiy — If the claimant admits a previous swelling but “did not 
know what it was,” the situation clears to an extent The question 
may still arise as to whether it was aggravated 

A hereditary history will be denied Berger m 10,000 clinic cases 
obtained a history of hernia m the antecedents m about 1 m 5 In 
claim cases, the ratio was 0 m 130 In any event, the question of 
heredity will have little medicolegal importance 

Searching inquiry should be made as to the possibility of hernia 
m childhood, and into the previous industrial history What is 1 ie 
duration of the present work? Has there been a recent change from 
a sedentary to a laborious occupation? (Compare Turner ) 

The history of the alleged injury is most important The examining 
surgeon should learn first the nature of the man’s usual work and ustia 
muscular effort He then should determine as exactly as possib e ie 
nature of the force What was the weight? How many were carry- 
ing? Did the others let go? Was there a severe effort t0 mal " 
equilibrium after a stumble or slip? What was the a “‘“ ' cn , 
moment of the force’ (Strain with the legs apart and the body lie ^ 
forward is said to be most conducive to the developmen 
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Inquiry should next determine the immediate results What was 
the character of the pain? Was it immediate 7 How long did it last ? 
Were there other symptoms, vomiting, collapse, etc ? Was work inter- 
rupted and for how long ? When was the swelling first noticed ? 
What physical description does the claimant give of it " 3 

The examining surgeon should fuither be furnished with whatever 
evidence there may be from bystanders, co-employees, and any physi- 
cians that may have seen the claimant before he did 

Thus, it will be seen that the prehmmaiy inquiry should of itself 
almost determine the judgment It should develop completely how far 
the six criteria of a Type I hernia are established 

The Physical Examination — The claimant should first be examined 
standing It should be noted whether the abdominal wall is firmly 
muscled and well contained There are three types of lax abdominal 
wall which strongly indicate a Type II hernia of weakness first, a 
bilateral diffuse oval or pear-shaped bulging of the inguinal regions , 
second, the French abdomen “en bisac” in which there is a transverse 
constriction at, or just below, the umbilicus, with a general forward 
and downward bulging of the lower half , third, the “apron” abdomen in 
which the lower part of the abdomen hangs down m a fold across the 
anterior pelvic brim and quite hides the inguinal regions from sight 
from above 

Then with the patient standing, later lying down, a complete exam- 
ination should be made of the hernia, the canal and the rings Equally 
important is a thorough examination of the other usual hernia sites 
Among the conditions which speak definitely against a hernia due 
to violence or effort are other hernias, known to the patient or not, 
undescended testis, scars of previous hernia operations, and the forms 
of lax abdomen noted above 

If seen recently, after the alleged accident, the following additional 
points prove an old hernia signs of a truss, lax, flaccid walls, with 
hernial contents irreducible because of adhesions, hard, thickened, 
hypertrophied omentum, large external ring, with indefinite, ill-defined 
edges, especially if it differs markedly in this respect from the other 
side The hernia should be small Scrotal or “large” hernias are very 
uncommon within a year 

If seen within a few days, the hernia should be small, not larger 
than a hen’s egg, sometimes not reducible If it has been reduced, 
it may be impossible for the claimant to reproduce it for examination 
A hernia that slips back with no difficulty and reappears with equal 
ease after a little cough or of itself when the patient assumes the upright 
position is one that has an old, laxly guarded, well worn path A ring 
of the type mentioned in the preceding paragraph is still more significant 
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here The ring m a recent, small hernia should differ little from 
the ring on the other side If the differences are marked, it has taken 
time to produce them 

The importance of the external ring m connection with almost any 
phase of hernia study is considerably exaggerated I believe that hernia 
depends entirely on the peritoneum and the structures composing the 
internal ring and the inguinal canal I believe the outlet of the canal 
has little to do with it I do not believe that a hernial protrusion 
ever came through an internal ring and canal, to engage an external 
rm S> just because it happened to be large And on the other hand, if 
a hernial sac has been pushed through the internal ring and through 
the inguinal canal, I do not believe that an external ring ever stopped 
it from going anywhere that it wanted to go Similarly, I do not 
believe that of itself a large ring predisposes to a hernia, much less 
that it should be considered as a hernia of the first degree or a potent al 
hernia 

In a way, I believe that the same thing is true concerning the 
exaggerated impulse If no definite mass can be detected and one has 
to be contented with speaking of various degrees of impulse, it is very 
doubtful whether a hernia is really there 

VIII DIFFERENTIATION BETWEEN AN OLD AND NEW HERNIA 
AT THE TIME OF OPERATION 

The operative findings will frequently definitely answer the question 
m the case of a recent hernia If several months or a year or more 
has elapsed since the origin of the hernia, a definite answer after opera- 
tion may not be so simple It must be kept in mind that there is a 
great distinction between the age of the sac and the age of the actual 
hernia 

The Sac — One error that is frequently made is to consider that 
a small, thin, nonadherent, empty sac is necessarily a recent one The 
fact is that this kind of sac is the typical persistent funicular process 
Its length depends on how far the obliterative process has been effective, 
but otherwise it may be as thin and delicate as it was at the time o 
birth It remains so if not interfered with until old age It is on ^ 
the presence of hernial contents which develops thickening, adhesions 
and the othei appearances which we ordinarily associate with an o ( 
sac The same is true in the typical fetal condition in which the coier 
in g of the completely descended testis is continuous with the abdomma 
peritoneum The smooth, free, delicate structures will remain so rom 
birth to old age The changes which we ordinarily accept as indicating 
long standing have begun only when abdominal contents hare ice^ 
forced into these delicate structures and have set up irritation 
longer the delicate tvpe of sac the more certain it is to be congeni a 
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If it is adherent to the tunica vaginalis oi connected with it by a 
fibrous band, it is certainly a congenital sac 

In the presence of this type of sac, unless there are other signs, 
it may be impossible to form any idea as to how long ago it first began 
to harboi , from time to time, some of the abdominal contents That 
is, we can be quite sure that the sac is congenital, but we can form 
no idea as to how long ago a real hernia began 

No matter whether the sac is a mere dimple at the internal ring 
or a complete failure of obliteiation or anything between the two, 
there will be no pathologic changes until abdominal contents are driven 
m and cause irritation For this reason, I do not think the anatomic 
relation of the sac to the cord and ciemaster gives any indication of 
the age of the actual hernia When the sac is thickened and adherent 
to the surrounding tissues, then we know that the hernia itself is an 
old one, the age depending m general on the degree of thickening 
The white ring due to thickening of the sac at the internal ring is also 
probably the result of the irritation of hernial contents and is more 
marked, the older the hernia 

The Contents — If the contents of the sac at the time of operation 
show no pathologic changes, they give no indication of the age of the 
hernia Adherent intestines and omentum, hypertrophied chronically 
congested or inflamed omentum, especially if adherent down to the 
bottom of the sac, which itself is adherent to the tunica vaginalis, prove 
hernias of long standing, at least several years 

One need hardly mention that the “sliding hernias,” that is, those 
with cecum or sigmoid mesenteric attachment, and all m the sac, or 
with the bladder m the sac, are necessarily actual hernias from birth 
Tissues Aiound the Sac — In most unusual circumstances, extrav- 
asation of blood and other signs of acute trauma will be present, and 
if so will probably indicate a recent real traumatic hernia 

Strong aponeurotic and muscle structures making up the canals and 
ring may still be present long after the first appearance of a hernia, 
especially if it is not large, and if the contents are only occasionally 
“down ” 

Weakened atrophied muscles, with large, lax rings, especially with 
the pillars of the external oblique stretched and poorly identified, are 
secondary developments due to the long-contmued stretching of large 
hernial contents and always indicate old hernias 

Marked fatty infiltration in the muscle fibers of the conjoined tendon 
always indicates an old hernia 
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The intestinal mesenteiy undergoes a torsion m early fetal life, 
during which the right colon, that is, the cecum, ascending colon 
and nearly half of the transverse colon travel from left to light 
across the duodenum and toward the right kidney According 
to most of our textbooks, the normal location for the hepatic flexure 
is m front of the right kidney and near the right border of the liver 
It is a fact, however, revealed by fluoroscopic examinations and by 
surgical inspections, that the hepatic flexure m many persons has 
failed to rotate sufficiently far to the light to become fixed by the 
phrenocohc ligament m the classic situation just mentioned 

For the purpose of determining the position of the hepatic flexure 
in healthy persons, a series of fluoroscopic examinations with barium 
meal were carried out by m} associate, Dr V J LaRose, on twenty- 
five undergraduate nurses, all with normal gastro-mtestmal function 
The interesting findings were that more than half of them had an 
abnormally low right colon In two of these young women who had 
never suffered from constipation or other abdominal symptoms, the 
hepatic flexure was very near the anterior superior spine of the ilium , 
and the cecum rested in the pelvis 

While many persons may go through life without serious conse- 
quences resulting from an abnormal descensus of the right colon, others 
are not so fortunate Given a person with a certain degree of congenital 
coloptosis which does not cause any marked disturbance during child- 
hood, and impose on this person, during early manhood or womanhood, 
the hard stress of physical toil, without sufficient rest, irregular 
dietetic and physiologic habits, poor health from any cause, repeated 
child-bearing (for the majority of the patients are women), and symp- 
toms and complications are very likely to attend the ptosis 

In order that the fetal colon may rotate m a semicircle about the 
upper abdomen, it is necessary for it to have a fairly long mesentery 
If the embryonic mesocolon fails to reach the right border of the liver, 
or if by some premature agglutinating process it is hampered in its 
rotation, then the hepatic flexure and the entire right colon assume an 


* Read before the South Dakota State Medical Association, Huron, S V. 

May 1922 

* The terms “colorrhaphv ” "colofixation ” cecofixatio , / Footnotc J) 
“colopsoas,” as used m this article, were employed freeh by Du\ 
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abnormal!) low position When this takes place, the cecum and ascend- 
ing colon retain their mesentery, and, instead of becoming agglutinated 
to the muscles of the back, they are permitted to hang more or less 
loosely on this mesenteiy In many persons, it is found that the agglu- 
tination and fixation of the hepatic flexure have taken place almost 
normally, while the cecum and ascending colon are still freely movable 
on their mesentery When theie has been complete failure of hepatic 
flexure fixation, the entire right colon hangs from a continuation of 
the iliac mesenteiy, extending upward and fusing with that of the 
transverse colon, and the weight or downwaid pull of the entire light 
colon is exerted from the root of this mesentery, which is attached 
m close relation to the duodenum, pancreas, bile ducts and solar plexus 
It would seem that whenever Nature neglects to follow out her 
usual plan of fixing the colon to the right flank m early embryonic 
life, she makes an attempt to repair her shortcomings by introducing 
certain ligamentous bands to prevent or at least to limit the hyper- 
mobihty It is hard to find any bettei explanation for the appearance 
of the pericolic bands and membranes Their development at the 
places and m the directions where they aie aiding most effectually to 
affix an abnormally movable segment of the colon seems to have 
something purposeful m it The evolutionary reason for these abnormal 
structures, as stated by Lane, 1 Coffey, 2 and others, is to me quite 
evident Unfortunately, this delayed attempt at fixation is not effective, 
and moreover it very often leads to interference with function and the 
production of symptoms of various kinds and severity 

The pericolic bands or membranes of most importance m the study 
of coloptosis are (1) a modified phrenocolic ligament which attaches 
the hepatic flexure to the undersurface of the liver to the posterior 
peritoneum, to the kidney capsule, or to the peritoneum of the right 
flank, (2) a membrane from the lateral abdominal wall extending 
obliquely down over the ascending colon, the so-called Jackson’s mem- 
brane Its purpose is evidently to lift and fix the ascending colon and 
cecum when these are abnormally mobile on their mesentery Severing 
this membrane causes an increased mobility and descent of the cecum 
Colopexy causes it to relax Neither of these membranes is present 
m those who aie born with a normally fixed right colon (3) A 
membrane, often multiple, running from the right half of the transverse 
colon and its mesentery upward, to become attached to the second 
poition of the duodenum, gallbladder, gastrohepatic ligament, or under- 

1 Lane, W \ The Operative Treatment of Chrome Intestinal Stasis, 
New \orh Oxford University Press 1918 

2 Coftei R C Phila M I 10 Oct 11 1902 



640 


ARCHIVES OF SURGERY 


surface of the liver In cases of midhne or general visceroptosis, this 
supporting band is often reinforced by a second membrane formation 
which holds the duodenum toward the liver 

TYPES AND DEGREES Or THE LESION 

For the successful management of a given case of coloptosis, it 
is necessary that we have a clear understanding not only of the con- 
genital origin, the progress and the complications, but also of the 
various types and degrees of the lesion The classification given by 
Duval 3 in his discussion of the anatomic pathology of fecal stasis 
m the right colon is m harmony with my own observations He gives 
the following general types 

1 Simple Mobile Cccocolon — In this condition on’y the cecum and 
the lower segments of the ascending colon are hypermobile on a mesen- 
tery The hepatic flexure is fixed m the normal, or nearly normal, 
position on the posterior abdominal wall A pericolic membrane, 
varying m size, is present on the ascending colon m practically every 
case The cecum is thm, distended with gas, and always contains 
more or less stagnant liquid feces The symptoms resemble those of 
our classic conception of “chronic appendicitis ” 

2 Complete Right Coloptosis — In this condition the whole light 
colon hangs by a mesentery, and without direct attachment to the 
posterior abdominal wall Pericolic membranes are much m evidence, 
but they neither fix the bowel to the back nor prevent the hyper- 
mobility If the membranes are severed, the entire mesentery comes 
plainly into view Symptoms are referred toward the epigastrium 
and are easily mistaken for evidence of duodenal or biliary disease 
The right kidney may have become prolapsed, attached to and closely 
follow, the hepatic flexure 

3 Infection of Colonic Wall — Several degrees of colitis mucous 
and parietal, as well as pericolitis, are recognized Duval subdivides the 
condition into three different types In mucous colitis, there is an 
edema of the mucous membrane with areas of ecchymosis and necrosis 
The lymphatic glands are large and soft In parietal colitis, the who e 
bowel wall is thickened Lymphatic involvement is ewdent throughout 
the retroperitoneal space Inflammatory adhesions appear which 
course of time cover the whole segment involved They restrict retrac , 
and fix the previously hypermobile colon The adhesions nny !in0 
the omentum, transverse colon, and other neighboring organs in 
upper abdomen or pelvis From the old retracting adhesions, as w 

3 Dmal, P, and Roux J C Arch d mal de 1'app digestif 10 703, 1 
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as from the absorbed products of infection, secondary disease may 
follow, in the gallbladder, stomach, duodenum, pancreas or kidney 
Stenosis and obstruction m the colon itself frequently result from the 
network of fibers Constipation is intensified and alternates with 
diarrhea of cecal origin During this stage, a secondary anemia is 
present, with a decrease of polymorphonuclear cells and an increase 
m lymphocytes The skin becomes darker than in mild hemolytic 
jaundice The patient’s general health, both physical and mental, is 



Fig 1 Right coloptosis causing obstruction of the second portion of the 
duodenum (from Duval) 


definitely below par An intermittent elevation of temperature is 

present, during which time B coh may be found both in the urine and 
m the blood 

Many conditions m a patient’s life help to increase the congenital 
In pennobility and abnormal descent of the colon The most active 
factors are the following occupations which require standing upright 

V ! ni ! & a ^ ar £ e f )art ^ le working hours, any intervening illness 
'Much causes disappearance of fat from the bode m general and 
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from the mesentery and 1 etropentoneal space in particulai , fre- 
quently repeated child-bearing, by attenuating and weakening the 
anterior abdominal muscles, thereby giving more room for descent mto 
the lower abdomen, insufficient food, physical and mental strains m 
short, every condition which tends to cause deterioration of the normal 
tone and human well-being 


SYMPTOMS 


Most of the symptoms induced by coloptosis are due to the dragging 
of the mesentety or pericolic membranes and to the constant fecal 
stasis The symptoms are many and diverse, but may be grouped into 
three general classes pam, constipation and intoxication 

The pam is of two types, that produced m the immediate vicinity 
of the colon, and that produced by dragging on other organs The 
foimer is a chronic discomfort or pam m the right side of the abdomen, 
often present fiom childhood It may be constant, or may be periodic 
It is aggravated by occupations requiring much standing, heavy work, 
and foods which cause fermentation and intestinal distention It is 
relieved by rest, especially when lying on the right side It disappears 
temporarily after a thorough evacuation of the colon This local pam 
often comes on acutely, m attacks, and may be associated with emesis 
and some ngidity of the abdominal wall But the attack is never very 
severe, and it passes away gradually in a day or so There is rarely 
any elevation of temperature, and leukocytosis is absent A diagnosis 
of appendicitis is usually made, and the appendix is not infrequently 
removed either m one of the acute attacks, or, more frequently, on a 
supposition that chronic appendicitis causes the pam Appendectomy 
relieves the symptoms by the enforcement of a week or two of absolute 
rest, and by the dietetic and occupational care which is taken for 
a time following the operation, but after the patient lesumes Ins usual 
mode of living, the old symptoms recur m most cases 

Pain is produced at a distance, by the dragging on the mesenteiv 
In those instances in which the mesentery at the hepatic flexure has 
become more or less attached to the right kidney, but is otherwise free 
the kidney is liable to become dislodged and displaced downward wit' 
the colon Pam and other symptoms due to the kidney ptosis are then 


invoked 

When the entire right colon is free and hanging by its mesen en 
traction is exerted across the second and third portions of the duodenum 
The pulling effect is emphasized by the firmly fixed position o 1 
middle colic artery running within the mesentery, and by the s«P™ L< j ' 
membranes which have been mentioned The 1a net) of sy mi 
that may be produced m the gallbladder duodenum and storn^ ^ 
enough to cause serious confusion m the diagnosis of cho . 
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duodenal or gastric ulcer The success of treatment, medical or surgical, 
directed to these organs will depend m no small measure on the 
recognition and management of this pathologic factor 

The pericolic membranes are very important agents m causing pam, 
as well as other symptoms The membrane producing pam most fre- 



\ 

x 

N 

F’S 2 Method of fixation of In permobile cecum after appendectomy 

quently is, perhaps, the one located on the outer surface of the ascend- 
!1 ^ coion ^ have found it only in the presence of a mesocolon 
len this membrane is attached to the parietal peritoneum over a very 
small area, it is capable of causing quite acute pam After colo- 
\ation, \\ Inch takes the tension off the membrane, the pain disappears 
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The smaller the sensitive peritoneal area involved m a membrane or 
adhesion, the more severe the the pam Wide and extensive adhesions 
cause less discomfort because the dragging effect is distributed over 
many, instead of a few, nerve endings 

Constipation is an early and perisistent symptom of coloptosis It 
should be differentiated into two types, that due to a retardation m 
the left colon and that due to stasis m the right The former does not, 
as a rule, cause very serious consequences The drying fecal masses 
contain almost no living bacteria or tox'ins, and many persons live in 
good health with very infrequent evacuations Constipation due to 
delay m the right colon is much more harmful Cecal contents are 
always liquid, and contain innumerable bacteria, some of which are 
pathogenic Incompletely digested and absorbed food products are 
always present in the cecum to feed the bacteria and to produce a 
continuous supply of toxins In the course of time, the cecal wall 
becomes more and more distended and atonic and never evacuates 


except from overflow The mucous membrane loses its protecting 
function, and toxins and even bacteria enter and find their way to the 
lymphatics and thence to the general circulation An albuminous 
exudate demonstrated in the feces indicates a serious degeneration of 
the mucous membrane Some patients are liable to have spells of 
diarrhea alternating with constipation, which means that the left colon 
is sensitive to the irritating overflow from the right In others the 
left colon may have learned to absorb the water from the overflow 
and to exercise regular defecation, thus helping to conceal the functional 


changes of the right 

Intoxication, or absorption of pathogenic products from the fallen 
paralytic and helpless cecum, causes a lymphangitis and lymphadenitis 
in the mesocolon The enlarged lymph glands are clustered along the 
blood vessels Even lymph nodes m more distant regions, near the 
aorta, may be affected The local infection travels through the bowel 
wall, and then the peritoneum reacts by establishing a new set of 
membranes, inflammatory adhesions The effect of these adhesions, 
often m combination with the evolutionary membranes, is to produce 
various degrees of obstruction to the passage of the intestinal contents 
Absorption of toxins lays a foundation for a long list of constitutions 
symptoms, including dizziness, headaches nausea, malaise, asthenia, 
mental depression, and m some instances chronic mental disease 

It is possible to form a fairly true estimate as to the location o t 
cecum and hepatic flexure by inspection, palpation and percussion » 
patients with thm abdominal walls, the fingers can easily ma e o 
cecum mobile in its changing situations, depending on the I>“ 
the body However, no semblance of guesswork needs to be 
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m making a diagnosis, since the roentgen lay enables one to Msuab/c 
exactly the conditions B\ means of fluoi oseopic examination we can 
determine the position of the colon ns w-ell as the othei parts of the 
gastro-mtestmal tract , the presence and location of stasis, dilatations 
and obstiuctvons, and the degiee of mohiht) of the organs I shall 
not attempt to discuss the vanous forms of roentgen-ray technic 
required to obtain the fullest amount of mfoimation 

tui:ai mlxt 

1 he success of treatment foi well maiked coloptosis will be pro- 
portionate to the intelligence and cooperation rendered In the patient 
In the medical treatment of the disease, it is almost impossible to 
obtain any satisfactory icsults m those wdio arc too ignoiant to grasp 
the meaning of the carious requirements In the eaie of the surgical 
patients, it is necessary that instructions be followed imdci standingly 
for a certain length of time aftei operation, depending on the patient’s 
age The younger the patient subjected to colofixation, the more 
certain and rapid is the cure 

It is, therefore, best that all patients at first be given a course of 
medical tieatment, partly because some of the milder cases will be 
much mipioved, and partly because all the patients need to learn m 
detail how to manage their own conditions, or to keep up po^t operatic e 
treatment For best results, it is required that the patient go to bed 
m a hospital for tevo or more weeks The patient is placed in the 
Trendelenburg position, on an incline of at least 30 degrees This is 
maintained with intervals of rest for several hours each day It is 
kept up for an hour after each meal So far as possible, the patient 
should not raise his shoulders from the bed at any time An enema 
is given at least once a day, and on the bedpan Meats and albuminous 
foods are avoided The diet is made up chiefly of vegetables, carbo- 
hydrates and fruits This is to retard the putrefactive bacteria and 
to aid the fermentative flora m the cecum Lactose in liberal amounts 
is of definite value for this purpose, since it passes almost unchanged 
through the small intestine 

The Trendelenburg posture gives the patient several distinct benefits 
All the viscera, including the ptotic colon, sink toward the epigastrium, 
making a movement opposite to that which produced the symptoms 
The right colon empties itself more easily Visceral circulation is 
restored to areas which have been indifferently supplied with blood 
cvhen the patient is in the erect posture The dragging on the duodenum, 
stomach and bile ducts is relieved The pulling and irritation on the 
solar plexus and sympathetic nervous system are removed The relief 
from sympathetic nerve irritation is a circumstance which I believe to 
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be of very great importance It is my belief that this is a greater 
factor m producing neurasthenia in those who have visceroptosis than 
is the absorption of intestinal toxins 

It is interesting to watch the favorable progress in a patient who 
has suffered definite symptoms from coloptosis after from two to four 
weeks of this treatment The abdominal pain and distress are relieved 
or gone Bowel movements are obtained more easily The nervous 
and mental tension has given place to a feeling of rest and well-being 
Symptoms of toxemia have disappeared The appetite is improved, 
the blood findings approach normal, and the body weight increases 
several pounds 

The next problem is to prevent the colon from resuming its original 
malposition when the patient is allowed to leave the bed For this 
purpose, a binder or corset, with a pad, is so adjusted that the lower 
abdominal cavity will become reduced in size and thus have less space 
into which to invite the ptotic organs by gravity That a pad properly 
made and applied can do this effectively is proved by many patients 
who have learned that they become uncomfortable whenever they try 
to go without it On leaving the hospital, the patients are msti noted to 
he down m the Trendelenburg posture for at least twenty minutes after 
each meal This posture must be used after retiring and before apply- 
ing the pad each time They are also taught how to make use of the 
knee-chest posture if the other, more cumbersome, position is impracti- 
cable at any time This position may also be used after going to bed 
at night and while putting on the pad and binder 

While many patients learn to carry on their daily work in comfort 
by the method described, the majority are improved only temporarily 
while under medical regimen For more lasting relief, it is neces c ary 
to resort to surgery By keeping m mind the gradations of pathologic 
anatomy, the indications for the various types of operation become 
fairly well defined When the colonic wall has become infected and 
thickened and pronounced lymphadenitis and multiple adhesions are 
present, no operation short of right colectomy will cure the patient 
Right colectomy should not be considered too formidable a procedure 
for these patients, m view of what it has to offer With proper technic, 


the operative risk is very small 

In the presence of cecum mobile of mild degree, a fixation o 1 
caput cob to the root of the meso-appendix should always be per forme 
after appendectomy It is my conviction that this fixation of the cecum, 
incidental, accidental, or intentional, has much more to do wit i 
relief from symptoms after operation for so-called chronic 
than the removal of the appendix itself It is also mj fi ^ „ 

that if a cecum mobile is present and not fixed when the pp 
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removed foi so-called cluonic appendicitis, the si mptoms of clnonic 
appendicitis \% ill lean within a feu weeks after the operation 

When the cecum and ascending colon aic both ptotic and hvper- 
mobile on a mesentery, a moie lachcal fixation to the psoas muscle is 
made An incision is made thiough the postenoi pentoneum, opposite 





Fig 3 -Methods of colofixation cecum to psoas minor, colon to psoas 
majoi and colon to quadratus 


the normal location foi the cecum, and the cecum is sutured to the 
muscle with two or three sutures of chromic catgut When a psoas 
minor muscle is present, which is the case m about one naif of the 
patients, then the sutures should include it 
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When most of the ascending colon is free and involved m the 
hypermobility, a second peritoneal incision is made somewhat higher, 
over the edge of the psoas, and two other chromic catgut sutures are 
introduced A very solid fixation is obtained by placing the sutures 
into the posterior longitudinal line of the colon, but this is likely to 
cause considerable backache m the first few weeks after operation and 
maj involve a risk of too firm a fixation m some cases All that is 
necessary is to pass the needle through the subpentoneal tissues at 
the margin of the mesocolon It will do no harm if some of the smaller 
blood vessels to the colon are included m the suture They add firmness 
to the fixation It need not be stated that care must be exercised m 
order to avoid damaging the larger arterioles The bowel mucosa must 
not be pricked with the needle, or infection is certain to follow the 
operation 

When there is a complete right coloptosis, a still higher fixation 
should be made at a point representing the hepatic flexure It is not 
possible to do this to the back muscles because the kidney, with its blood 
vessels, and the ureter are in the way My practice is to open the 
posterior peritoneum and pass two or three sutures through the areolar 
tissue m front of the kidney If there is only a small amount of fat 
present, the muscles near the twelfth rib are easily reached at this 
point If there is an abundance of fat, it has seemed best not to pass 
these sutures deeply under the peritoneum but to be satisfied with a 
broad peritoneal attachment under the liver 

When the right kidney is definitely prolapsed with the colon the 
fatty capsule is split over the dorsum and peeled loose from the kidney 
The tuft of fat thus freed externally, but attached in front of the 
kidney pelvis, is gathered together with two or three sutures of chromic 
catgut and sutured firmly to the quadratus lumborum This forms a 
shelf on which the kidney rests, and is a much better procedure than 
all attempts to anchor the kidney itself The shelf blocks the way for 
all future chances of recurrence of the kidney ptosis When this 
technic for kidney fixation is called for, the colon is sutured into the 
newly made kidney shelf A rubber cigaret dram provides an outlet 
for the inevitable oozmg which will follow the kidney operation 

Approaches to the fields of operation are obtained either through a 
double split-muscle incision or through a transverse opening of t ic 
abdominal wall 1 4 have previously described the principles and tec inic 


of these incisions , 

After the adoption of the technic of colofixation, as escri 
above, the results obtained from the surgical treatment of coloptosis 
have been very satisfactory in my experience Since my attention « as 




QU UN— PTOSIS 01 RIGHT COLON (>V 

fust atti acted to visca oplosis, about twelve \c.us ago. scxetal methods 
of suigical tieatmcnt foi coloptosis have been tued out 

Suspension of the tiansveise colon to the antenoi abdominal wall, 
as lecommended In Rovsmg, Coitey, and otheis, did not pio\e salis- 
factoiy foi the tieatmcnt of this type of ptosis, although the method 
undoubtedly is of distinct sen ice in ceitain midlme ptoses of an 



Fig 4 — Kidne> shelf made from fatty capsule 


acquired nature In some patients, new symptoms developed after 
operation, such as epigastric pain and interference with gastric and 
colonic functions Moreover, it gave no relief to a ptotic cecum Vari- 
ous types of coloi rhaphy and peritoneal “pexies” were also employed 
rom these the best results were obtained by shortening the longitudinal 

S Rovsmg, T Ann Surg 57 1 (Jan) 1913 
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bands of the ascending colon, piovided the sutures were so placed that 
the weight of the cecum was transferred fiom a pain-producing 
pericolic membrane to the ascending colon above the membrane 
Sutunng of the cecum 01 its mesentery to the posterior peritoneum 
externally to the colon, while both pam and constipation might be 
temporarily relieved, was almost invariably followed by lecurrence of 
cecoptosis and symptoms I have operated on a number of parents 
after previous coloirhaphies, and from the findings at operation it 
was evident that a ptotic colon will in the course of time overcome 
and undo any attempt at fixation which is based on peritoneoperitoneal 
adhesions 

Eleven colectomies, eight of the right colon, and three total excisions, 
have been made because of colitis due to ptosis and stasis The only 
patient who died aftei operation for coloptosis was one in whom a 
septic retroperitoneal infection began a few days after operation, a 
right colectomy This was a tragic lesson teaching the danger of 
opening lymphatics behind an infected colon without proper provision 
for drainage One patient who suffered from melancholia before the 
operation was not improved mentally, although the abdominal symptoms 
were evidently much improved One patient suffered a severe attack 
of influenza and bronchopneumonia immediately after operation and 
was treated for fecal fistula and bronchial infection for three months 


The patient was then discharged cured The remaining eight are 
practically well 

The technic of incision through the posterior peritoneum and fix- 
ation directly to the muscles of the back has, up to date, been employed 
on more than seventy patients Personal reexaminations and answers 
to letters of inquiry have given postoperative information from fifty- 
two of those who were operated on three months ago or more It 
should be stated that the syndromes of these varied in seventy from 
those that we formerly associated with chronic appendicitis and consti- 
pation to more aggravated forms of renal, biliary, and duodenal compli- 
cations Cecopsoas or colopsoas fixation for simple mobile cecocolon 
was made in thirty-six of the fifty-two patients Fixation of the 
entire right colon was accomplished in the other sixteen Because 
of complications from coloptosis, nine nephropexies, five duodeno 
jejunostonues, and four cholecystectomies were performed, in con 
junction with colofixation Eleven patients had submitted to prewou 
unsuccessful operation, or operations, for the cure of chronic appen 


citis, cholecystitis, and duodenal ulcer _ 

The following is a brief summary of the results following coo 
fixation Twenty-two, or 61 per cent , of the thirty -six who had cec - 
psoas and colopsoas fixation are free from all previous symp on , * 
tweh e, or 75 pe, cent, of the s.xteen «„h complete colofivmon are 
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symptom-fiee The majonty of the lemamder, about one thud of the 
total numbei , named constipation as the symptom which had not been 
entneh oxeicome by the opeiation Four complained of occasional 
backache, and tluee had some colicky abdominal pains Moie or less 
relief fiom previous symptoms was acknowledged by all but thiee, 
who stated frankly that they had leteived no benefit fiom the opeiation 
Not the least satisfactoiy were the results m those patients who were 
rebel ed of symptoms in othei oigans, the kidney, gallbladdei, and 
duodenum, and m whom the most iadic.il and multiple mtenentions 
were undei taken 

It will be noted that the lowest peicentage of cuies was found aftei 
the more simple suigical piocedures It was natural that the surgeon, 
traveling on a poorly blazed surgical path, in the beginning of this 
method of tieatment, should hesitate before employing the more ladical 
technic, and the result was that many patients did not icceive suigical 
treatment m piopoition to the degree of the lesion In the light of 
more experience, I know that failure to excise an infected or paialyzed 
colonic segment has been the cause of persisting constipation and other 
symptoms in seveial patients It is improbable that a chiomcally o\er- 
distended and atonic cecum can regain its tone and function from any 
change m its position Microscopic sections made from the stretched 
out longitudinal bands of such a cecum show degeneration of muscle 
fibers, eien m the absence of gross evidence of bowel wall infection 

It must be admitted that sufficient time has not elapsed to permit 
one to make any assei tion as to the permanency of cure following colo- 
fixation by the method described However, a numbei of patients 
formerly chronically ill, who have been free from previous symptoms 
and capable of a full enjoyment of work and play dining moie than 
two years following the operation have given an assurance which 
amply justifies confidence for the future and a continued application 
of the treatment 

CONCLUSIONS 

1 Coloptosis is a very common anatomic abnormality 

2 Comparatively few of those who have a ptotic colon suffer serious 
symptoms as a consequence, but the incidence is, nevertheless, much 
greater than we foimerly supposed 

3 Some of the effects of coloptosis are translated to other abdominal 
organs which may fhen give rise to a new set of symptoms, thus 
obscuring the original and chief cause of the trouble 

4 Medical treatment gives relief m most cases and should be given 
a thorough trial m all cases, but its ability to cure is doubtful m 
any case 
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5 Surgical treatment is as successful m these lesions as m man}' 
other so-called surgical diseases and promises better results as experi- 
ence accumulates 

6 Chronic appendicitis is an infrequent disease, and the term 
should be restricted to those comparatively few instances in which 
there actually is a chronic lesion of the appendix 



CARCINOMA OF 'J HE APPENDIX 1 
ARNOLD S JACKSON, MD 
Fellow in Surgcr\, Ma\o Foundation 
ROCIItSTIR, MINN 

Although caictnoma of the appendix is no longer tonsidcied a tare 
disease, the condition may easily be o\ei looked unless a careful i online 
examination is made of all appendixes lemovcd File suigeon often 
sees an obliterated, oi partially obliterated, lather haimless appearing 
appendix, and he is m doubt as to the advisability of its iemo\al It 
has been shown that one in ever)' fift)-thiee of such appendixes is 
carcinomatous 

In 1911 MacCarty and McGiath 1 repoited from the Majo Clinic 
the Jesuits of the study of 5,000 appendixes and demonstrated that one 
of every 225 was carcinomatous In a latei senes, they found eighteen 
(06 per cent ) of 3,039 specimens to be carcinomatous 

With a view to determining the prognosis, the forty cases repoited 
by MacCarty and McGiath have been followed, also twenty- foil! ~ latei 
cases m which specimens had been studied mici oscopicalh 

In ninety cases of pi unary carcinoma of the appendix collected 
from the literatme by McWilliams 3 m 1908, seven patients were alive 
and well aftei five years, thiiteen after three years, and twenty-one 
after two years Kelly 4 reported a case in which the patient had been 
in poor health for nine years He had had constant sharp pain in 
the right iliac fossa and tenderness m the incision In 1915, Meyei r ‘ 
reviewed the literature to date, compiling the reports of 269 cases, 

*This study was made in the Section on Surgical Pathology under the 
supervision of Dr William C MacCarty 

1 MacCarty, W C, and McGrath, B F Clinical and Pathological Sig- 
nificance of Obliteration, Carcinoma, and Diverticulum of the Appendix, Surg , 
Gynec & Obst 12 211-220, 1911 

2 MacCarty, W C, and McGrath, B F The Frequency of Carcinoma of 
the Appendix, Ann Surg 59 675-678, 1914 

3 McWilliams, C A Primary Carcinoma of the Vermiform Appendix A 
Stud} of Ninety Cases, Three Previousl} Unpublished, Am J M Sc, 135 
822-850 1908 

4 Kelly, A O J Primary Carcinoma and Endothelioma of the Vermiform 
Appendix Am J M Sc 135 851-856, 1908 

5 Meyer, L B Primary Carcinoma of the Appendix A Review of the 
Literature, with a Report of Three Additional Cases, Surg, Gynec &. Obst 21 
554-360 1915 
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including three of his own Since then I have found reports ot twenty- 
four cases including twelve by Reimann 0 These, with the twenty-four 
here reported, bring the total to 317 cases 

PROGNOSIS 

Thirty-seven of the sixty-four patients observed m the clinic were 
traced Two had died from accident or of conditions m no way 
related to the disease and two had died of postoperative complications 
The remaining thirty-three are living and, in most instances, well 
(Table 1) 

Operation resulted in cure of the malignant condition m 100 per 
cent of the patients traced Carcinoma of the appendix, then, assures 
the most favorable prognosis of all forms of malignancy of the gastro- 
intestinal tract as indicated by this peicentage of cures It is significant, 
howevei, that the surgeons had not made a positive diagnosis of 
malignancy m any cases m the first two series reported by MacCarty 

TABLE 1 — Prognosis in Thirty-Three Casls or Carcinoma of the Appendix 


Cases 

Years Since 
Operation 

Cases 

Years Since 
Operation 

1 

16 

1 

7 

1 

15 

2 

6 

1 

13 

1 

5 

5 

12 

2 

4 

4 

10 

3 

3 

1 

9 

3 

2 

3 

8 

3 

1 


and McGrath In only five of the twenty-four cases here reported 
was a positive surgical diagnosis of carcinoma made, although the 
lesion was suspected m four other cases 

Although this report is confined to cases of pi unary carcinoma of 
the appendix, a number of cases were reviewed m which carcinoma was 
piesent m both the appendix and cecum, suggesting a relationship 
between the t\\ o Pathologists disagree on the possibility of carcinoma 
of the large bowel originating m the appendix, but until the point is 
more definitely settled, such a possibility must be considered 

CLINICAL SIGNS 

There is little of significance m the clinical history of these cases 
Sixteen of the twenty-four patients observed since 1911 were females, 
eight were mates The axerage age of the women was 42 years, of t ie 

6 Reimann, S P Primary Carcinoma of the Vermiform Appendix, Am J 
M Sc 156 190-201 (Aug ) 1918 
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nlen 40 Twelve gave a histoiy of pieviotts tiouble in the appendix, 
twelve gave histones of olhei symptoms The aveiage duration of 
symptoms of appendicitis was six and eight-tenths yeais 

The facts of value m these data aie that 50 per cent of the patients 
gave a histoiy of pievious tiouble and that the disease is seen twice as 
often m women as m men I liese findings aie in accoid with those of 
othei obseneis 

McWilliams lepoited that 83 pei cent of seventy-six patients gave 
a history of pievious trouble m the appendix In forty-seven of 
seventy-eight cases, the condition was piesent before the age of 30 
He remaiked that m 60 per cent of the cases, malignancy before the 



Fig 1 — A, cross-section of obliterated tip of appendix showing carcinoma , 
B, extensive involvement of the base of the appendix by carcinoma , C, specimen 
of a colloid carcinoma involving the tip of the appendix 


age of 30 is m marked contrast to the age incidence m malignant tumoi s 
of the remainder of the intestinal tract Rolleston 7 repoited 180 cases 
of carcinoma of the intestinal tiact, exclusive of the appendix, with 
an average age of 49 years , these patients were twenty years older than 
the patients with carcinoma of the appendix 

Deavei, m an analysis of 3,000 cases of simple appendicitis, 
shoved that 69 per cent occuried m patients before the age of 30, 

7 Rolleston, H D , and Tones, L Primary Malignant Disease of the Vermi- 
form Appendix, Tr Med Chir 89 125-153, 1906 
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and that 38 per cent of the patients were females and 62 per cent 
males No explanation has been offered for the complete revet sal in 
frequency of the two conditions in the two sexes 

A history of previous trouble m the appendix in 50 per cent of 
the Mayo Clmic series is m accoid with the pathologic findings, the 
lumen is usually found obliterated, indicating a previous inflammatory 
lesion This is an important surgical point, and shows that m eiery 
case with a history of trouble m the appendix this process should, if 
possible, be examined carefully for signs of malignancy Since surgeons 
have learned to recognize this condition more readily, they have been 
more careful to remove all appendixes in which there is a suggestion 
of malignancy One result has been the discovery of many malignant 
appendixes that might otherwise have remained undisturbed 

TYPES OF TUMORS 

Considerable doubt exists concerning the pathology of these tumors 
Malloiy 8 says “It is difficult to decide the exact nature of certain 
small tumor-like collections of epithelial cells occurring occasionally in 
the appendix, but also more larely in the small intestine They resemble 
a carcinoma in structure and aie found most often in young persons 
The cells are small, are grouped in solid masses, and may occur not 
only m the mucosa but also in the muscle coats and subserosa In 
the appendix they often look as if they had staited from the mucosa 
and more or less completely destroyed it, and then infiltrated the 
sui rounding muscle and fibrous tissue On the other hand, they show 
little or no activity of growth and there is no evidence of reaction on 
the part of the tissue around them They are regarded by some as a 
local tissue abnormality compaiable to the congenital nevi of the skin 
In 59 per cent of seventy-one cases reviewed by McWilliams, the 
caicmoma occurred at or near, the tip, and in 33 per cent no tumor 
was visible to the naked eye In twenty-three of forty-two cases, or 
55 per cent , one or more solid tumors were visible 

In the Mayo Clinic series of twenty-four cases, the carcinoma was 
located at the tip m twenty-one, at the base m two, and at the mid e 
m one 

The tumor in situ grossly resembles concretions within the umen 
On transverse section the lumen is seen to be obliterated by a so i 
growth which is homogeneous and fibrous in appearance and presen s 
an orange color m specimens preserved m liquor formaldehub 
Certain observers, such as Neugebauer, have classified the majori : 
of tumors of the appendix as endotheliomas, partly on account o 
type of cell, and partly on account of the benign nature of the tumo 

8 Mallorv, F B The Principles of Pathologic Histolog), PJuJade i 
W B Saunders Company, 1914, p 3S9 
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Giaham in a leview of 172 cases reported in the literature up to 
1908 divided caiunoma of the appendix into two mam groups, the 
sphei oidal cell and adenocarcinoma The spheroidal cell carcinoma has 
been descnbed as scirrhous, medullary, simple, alveolar and basal, but 
the detailed descuptions indicate that the cases recorded under various 
names are practically identical This type occurs m 73 8 per cent of 
cases The second type, adenocarcinoma, includes cases described as 
cyhndric-cell carcinoma and colloid adenocarcinoma This type includes 
IS per cent Five and eight-tenths per cent of the cases not included 
in either group aie recorded as transitional, between spheroidal-cell and 
adenocarcinoma , 2 3 per cent of the cases are called colloid carcinoma 
The average age m cases of adenocarcinoma and of colloid carcinoma 
is somewhat gi eater than that xn cases of spheroidal carcinoma, it 
cori esponds more closely to the age at which carcinoma of similar type 
occurs m the large intestine 

There is a further difteience between the two types in the degree 
of malignancy, as was pointed out by Rolleston and Jones In only one 


TABLE 2 — Average Age in Cases or Various Ivpls or Tumor 


Type 

Cases 

Average Age 

Spheroidal 

127 

272 

Adenocarcinoma 

31 

39 5 

Transitional 

10 

298 

Colloid 

4 

44 7 


case of the spheroidal-cell type, in which the growth was undoubtedly 
pi unary m the appendix, was there invasion of the cecum or spread 
by metastasis In six of thuty-five patients with adenocarcinoma or 
colloid carcinoma, however, carcinoma spread to the cecum or to the 
abdominal glands by metastasis The average age in these patients was 
518 years Recognition of the difference in the degree of malignancy 
of the two types is important, since the prognosis must be guarded 
when adenocarcinoma or colloid carcinoma occurs, especially in middle' 
aged patients 9 

The microscopic examination reveals irregular masses of epithelial 
cells closely packed m alveoli, surrounded by a heavy fibrous stroma 
Although all the coats are invaded, the growth is chiefly confined to 
the mucous and submucous layers 1 he protoplasm of the cells is pa e 
and scanty, but the nuclei stain darkly MacCarty describes the nuc ei 
as generally oval or round with fewer irregularities than are presente 
by carcinomatous cells m other portions of the alimentary tract 

9 Graham T M Primar} Cancer of the Vermiform Appendix, Edinburg 
M J 10 30-41, 1913 
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Fig 4 — Involvement of all tnc coits of the appendix by carcinoma 



Fig 5 —Irregular masses of epithelial cells closely packed in alveoli 
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In this series of sixty-four cases, one specimen was diagnosed colloid 
caicinoma, the remainder may be classified m the so-called spheroidal 
group Adenocarcinoma was not found 

The influence of chronic appendicitis as a factor m the production 
of carcinoma is evident from the appeal ance of the lumen and the 
numbei of twists and kinks m the region of the tumor Graham states 
that it seems justifiable to conclude that m a certain number of cases 
the exciting cause of carcinoma may be found m the irritation of 
isolated tubules or of mucosa undergoing the process of obliteration 
The effects of chionic lesions are evident m the production of gastric 
cancel and the same factors are probably effective m carcinoma of the 
appendix 

CONCLUSIONS 

1 The piognosis following eaily removal of carcinoma of the 
appendix is more favorable than that for malignancy in any other part 
of the gastro-mtestmal tract 

2 The appendix should be examined carefully m every laparotomy 
when possible and should be removed if any abnoimahty is present 

3 A preoperative diagnosis of caicmonu' of the appendix is impos- 
sible because of the absence of distinguishing clinical signs 

4 A definite relationship exists between carcinoma of the appendix 
and chionic appendicitis Obliteiated appendixes should be carefully 
examined for signs of malignancy 

5 The relationship of cecal carcinoma to carcinoma of the appendix 
has not been proved 
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CYSTIC DISEASE OF THE BONES 

A STUDY Or FIFTEEN CASES 
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I CLINICAL REPORT BY DR ASHHURST 


Diseases of any tissue m the body may be classified conveniently 
into three general categories infections, dystrophies and tumors But 
while under each category there are perfectly typical cases, there exist 
other cases of disease concerning the classification of which there may 
be uncertainty or disagreement, not to say dispute The existence of 
such cases is particularly noticeable in connection with bone diseases, 
and it is to illustrate this difficulty that the present report of a series of 
cases of cystic disease of the bones is presented The only common 
feature, m some instances, is that m the interior of the bone there 
existed disease which caused rarefaction, absorption or destruction of 
bony tissue, with, m many cases, expansion and thinning of the over- 
lying cortex The causes are various pyogenic bacterial infection, 
tuberculosis and syphilis, as well as unknown causes including a number 
of cases of true tumor formation 


1 Infections Let us take first, for example, a case of ordinary 
hematogenous staphylococcic infection of the bones In its acute form 
th2 S infection produces typical acute osteomyelitis , m its chronic form 
(usually a recurrence or a sequel of an osteomyelitis formerly acute) 
it produces a scarcely less typical form of chronic osteomyelitis, 
attended rarely by sequestration, but often by great thickening and 
hardening of the bone, with a destruction of bone which is slight or 
™ b T , SUC , h cases sometimes take the form of a Brodxe’s abscess 
(1824) a Markoe s abscess (1872), or merely of bone sclerosis without 
demonstrable pus or central cavity (Garre, 1893) * In the subacute 


waslenon^h P n ° ? ^ C ° ndltlon ’ " hlch > s not so rare as has been thought, 
1916 C ase 5) previousl * (Med & Sur ^ Ke P Episc Hosp 4 110, 
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type, however, a definite cystic area, not resembling a Brodie’s abscess, 
may develop m the bone affected (Case 1) 

But, m addition to frank pyogenic infections, there is also recog- 
nized a class of diseases grouped together under the title of infectious 
granulomas (tuberculosis, syphilis, actinomycosis, etc), m each of 
which a more or less characteristic granulation tissue is produced 
When occurring in bone, these diseases, especially tuberculosis, may 
take on a cystic character, and, except by pathologic examination of 
the tissue removed from the cyst, a correct diagnosis between these 
and other forms of bone cysts cannot always be made In Case 2, 
for example, the disease was in all probability tuberculous, buk owing 



Fig 1 — Acute syphilitic periostitis, subperiosteal gumma 


to the absence of a pathologic report this is not certain In Case 3, 
however, both pathologic examination and the clinical course of the 
disease demonstrated the tuberculous nature of the infection It is 
interesting to note that a case, apparently the exact counterpart of tins 
so far as the roentgen-ray appearances are concerned, has been recorde 
by Barrie 2 as a case of chronic fibrocystic osteomyelitis 

The only cystic lesions I have recognized m bone as being due to 
syphilis are of two kinds those occurring under the periosteum in t ie 
acute stages of syphilitic periostitis (Fig 1), and those seen m tie 
short bones and m the ends of the long bones m certain cases o tie 
hereditary form of the disease A notable example of the latter was 
illustrated m a patient under my care some years ago, m w iom 


2 Barne Surg Gjnec & Obst 19 42, 1914 (Fig 2) 
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expanded cystic ends of the long bones and the extiemely cystic carpal 
and tarsal bones lepresented an abnormal degiee of eccentric atiophy 
(Fig 2) The history of this patient was naxiated in detail by 
Dr John P Jones 1 in 1915 The patient eventually became able to 
walk without biaces, and when last seen (about seven years later) 
was in good geneial physical condition 



Fig 2 Hereditary syphilis, with cystic changes in the ends of the long 
bones and in the tarsus 


2 Dysti opines — These are lesions which may be due to very 
remote or attenuated infections, or to alterations oi congenital abnor- 
malities of metabolism, but whose true cause often remains unde- 
termined All that can be safely said is that they are due to disturbances 
o nutrition In the autumn of 1914 there came under my care, at the 

piscopal Hospital, within a few weeks of each other, two young 
ngnsh patients with recurrent deformity of one lower extremity (one 
nock-knee, the other bow-leg) developing some years after the opera- 

3 Jones, J p Med & Surg Rep Episc Hosp 3 68, 1915 
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tive correction of similar deformities In both, the affected bone was 
markedly atrophied (eccentric atrophy) and cystic (Cases 4 and 5) 
Except for possible malnutrition in childhood following the operation, 
or as a sequel of the operative injury, there appears to have been no 
adequate explanation of the cystic disease The elder of the two, a man 
25 years of age, was a vegetarian Possibly this accounted for the 
dystrophy 

Much more usual than the cases just recorded, but possibly of the 
same general type, are those known m the literature by the terms bone 
cysts, cystic osteitis, osteitis fibrosa cystica, etc Their pathogenesis is 
still m dispute Case 6 is a typical example 

Again, of the same general type, but quite rare, are instances of the 
same disease affecting many bones at the same time— multiple fibro- 
cystic osteitis, known also as von Recklinghausen’s disease (Cases 7 
and 8) The relations of this affection to Paget’s disease of the bones 
(osteitis deformans), to osteomalacia and kindred affections in adults 
remains obscure, though the recent very interesting studies of Dr E P 
Corson White 4 5 throw considerable light on the subject 

3 Tumors — The term tumor is here used in a clinical sense, inas- 
much as the pathologic and pathogenic sense of the term is m dispute 
From an academic point of view, I admit that any cell in the body may 
form a tumor, and that this tumor may be of the embryonal (malig- 
nant), intermediary (questionable) or adult (benign) type The two 
extremes (benign and malignant) are not difficult to recognize, but, in 
accordance with the dictum “Natura non facit saltus,” there are a great 
many tumors of intermediary type, which, as Ewmg says, “are neither 
benign nor malignant ” And then there are lesions which are neither 
granulation tissue (inflammatory reaction) nor yet true tumors Thus, 
at the end of the tumor classification which is nearest the class of cases 
just discussed, especially to that illustrated m Case 6, I place Case 9, 
an instance of “cystic osteitis with giant cells,” as our pathologist 
named it Next to it (Case 10), I place a case of “giant cell sarcoma 
(myeloma) * which returned after primary evacuation, then, under the 

4 White, E P C Osteitis Deformans in Monke>s, Arch Int Med 30 
790 (Dec) 1922 

5 The term myeloma I prefer to that of giant cell sarcoma or giant ce 
tumor The term mjeloplaxoma, originally chosen b> Eugene Nelaton (18 ) 
to designate this benign tumor was abbreviated into nrv eloma bi Malherbe in 
his book on sarcoma (1904) and the latter term is m common use in rent 
Britain and Canada, as well as in France It is intended to deserne a 
benign tumor of bone marrow A malignant tumor of bone marrow is a sar 
coma A tumor of intermedian tvpe ma\ well be called a midoid sarcoma 
(Case 13) A mj eloma should, of course be distinguished from the gener 
disease called mjelomatosis or multiple mieloma, with which the benign turn 
mi eloma has no connection 
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influence of Coley’s toxins swelled up laigei still, nipluicd, discharged 
its contents and giaduall) became condensed until only a small bony 
tumoi 1 emamed Following this comes a myeloma (Case ll)> which 
undei going favoiablc evolution clued itself without any opciativc tieat- 
ment, while Case 12 lepiesents on the conti aiy, a patient w'lth a 
mjeloma which lecuiicd in semisaicomatous foim aftci e\ acuation, but 
who is now w r ell neaih nine >eais aftei ladical excision of the lecuuent 
disease Heie we appeal to ha\e piogiesscd ftom the least neoplastic 
tjpe of giow'th (Case 9) to one which becomes scmimahgnant 
(Case 12) 

A closely sunilai condition clmicalh w.is ^een in Case 13 but the 
meie fact that it occuried in a much oldci patient made us suspect that 
clinically it might be a malignant piocess and out pathologist at fiist 
classed it as a spindle cell saicoma, but latei lecised Ins diagnosis to 
“giant cell saicoma of bone mairow with aieas showing eail) spindle 
cell sarcoma ” '* 

Finally, to round out the senes of cjstic tumoi s, I include an 
instance of chondioma undeigomg c\stic change (Case 14) and a case 
of cystic disease of the taisal scaphoid (Case 15) giosslv icsembhng 
a myeloma, but pioved by nncioscopic study to be an angioma 

II INTERPRETATION Or ROENTGENOGRAMS Or C\ STIC DISEASE 
or TIIE BONES B\ DR BROMER 

When a roentgenologist is called upon to make a diagnosis of a 
cystic condition in bone on the loentgenogram negative, the meie state- 

6 In regard to the presence of spindle cells and lound cells in bone cysts, 
Bloodgood (J Radiol 1 168 [March] 1920) remarks that in almost all of 
his cases of bone cysts with osteitis fibrosa he has found cellular areas with 
spindle cells or round cells The spindle cells are apparently of the connective 
tissue type which ultimately form fibroblasts and fibrous tissue, and the round 
cells are either osteoblasts which have not ret formed bone or cells which arise 
from proliferation of the endothelial cells of blood vessels In a number of his 
reported cases in which tissue was sent to the laboratory for diagnosis, a 
diagnosis of sarcoma was made from the frozen section, while further study 
and the patient’s clinical course showed the lesion to be benign Similarly, our 
pathologist, Dr C Y White, has frequently called our attention to perfectlv 
typical areas of spindle cells from which, alone, any pathologist would make a 
diagnosis of sarcoma, yet stud} of other areas in the same section, and of 
sections cut from other blocks, rendered the diagnosis of sarcoma very doubtful 
or entirely precluded the idea of malignancy Dr White employs the con- 
venient terms “giant cells” and “gigantic cell,” to describe, by the former, the 
ordinary epulis type of multinucleated cell named myeloplax by Eugene 
Nelaton (1860), the first writer to describe systematically as a benign non- 
sarcomatous tumor the “giant cell sarcoma” , while by the term "gigantic cell,” 
Dr White designates the multinucleated ‘ true tumor, giant cell,” which b> 
many is considered mdicatn e of malignancy, being found m carcinoma as 
well as in sarcoma 
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roent that rarefied areas, a cystic process, exists is neither satisfactory to 
himself nor to the surgeon If the diagnosis of the causative factor is 
difficult for the surgeon to make clinically, it is equally difficult for 
the roentgenologist and the same might be said for the pathologist It 
has been my experience, after a diagnosis of sarcoma had been made 
from the roentgenograms, to have the pathologist return a report on 
the excised specimen of chronic inflammatory tissue Six months after- 
ward, he returned a report of spindle cell sarcoma, when a second 
excised specimen had been sent to him Further cutting of the first 
specimen revealed the same cells m it as were later found in the second 

The purpose of the presentation of these roentgenograms is to 
emphasize the impossibility, at times, of an exact roentgen-ray diag- 
nosis If nothing original or new is advanced, it seems well worth the 
effort to reproduce roentgenograms of varied lesions showing striking 
similarity, for b) ; close study of them something of importance is 
gained 

Dr Ashhurst has generally classified the foregoing lesions m three 
categories infections, dystrophies and tumors Lovett 7 has pointed out 
the impossibility, m the case of infections, of differentiation of syphilis, 
chronic osteomyelitis and tuberculosis, by means of the roentgen ray 
alone Bloodgood 8 has shown the impossibility of such differentiation 
in the case of tumors, especially cysts, giant cell tumors and central 
sarcomas Ewing 9 has pointed out the difficulties of the pathologist 

The more one reads the existing literature, the more disheartened 
he is as a result of the lack of assistance Numerous classifications 
abound Baetjer 10 has attempted to aid by his laws of possibilities, 
age, etc , but their practical application, when one is confronted by the 
actual lesion, is not easy It is no bold assertion to say that ever) 
roentgenologist feels his limitations, in this respect 

It is our plan to set forth, for each roentgenogram, explanatory 
notes, stating the points of similarity, difficulties m diagnosis and an) 
other characteristics which serve to strengthen or confirm our opinion 
of the exact underlying pathologic process in each lesion 


REPORT Or CASES 

Case I — Osteomyelitis of shaft of huinci us resembling cystic discasi 
Hist O) v — C R C, a red haired }OUth aged 19, came under m> care ui 


7 Lo\ett, R W, and Wolbach, S B Roentgenograph ic Appearance 
Diagnosis, and Pathology of Some Obscure Cases of Bone Lesions, urg, 
Guiec & Obst 31 111 (Aug) 1920 

8 Bloodgood, I C The Diagnosis and Treatment of Benign an 

nant Tumors of Bone, J Radiol 1 147 (March) 1920 . 

9 Ewing lames A Renew and Classification of Bone Sarcomas, 


Surg 4 485 (Maj ) 1922 

10 Baetjer, F H, and Waters, C A Injuries and Diseases 
and Emits, Xew York, Paul B Hocber, 1921 


oi the Bone 
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the Episcopal Hospital, Sept 14, 1921 complaining of pain and swelling of the 
right arm He had been in the hospital on numerous occasions previous!}, the 
first time in the summer of 1914 At that time, when 12 ecars of age, he was 
admitted to the medical service with the diagnosis of typhoid fever, but 
staphylococci were grown in cultures made from his blood, and eventually he 
was transferred to mv care w ith pains m the right sacro-iiiac region and hip 
After rest in bed with w eight extension for about four months, he w as dis- 
charged apparenth well, no local lesions haring de\ eloped About a }ear 
later, in January, 1916, an abscess de\ eloped and later discharged o\cr the 
right sacro-iiiac joint Because of this condition he was readmitted to the 
hospital Although there seemed to be free drainage, he continued to have 
a hectic rise of temperature for a week after admission, so operation was 
undertaken Roentgenographic examination after bismuth injection of the 
sinuses revealed that one apparently extended to the right acetabulum , but 
the clinical diagnosis w'as necrosis of the sacrum At operation (Tan 21, 1936), 
I traced one sinus to the region of the great trochanter, but it led to no bone 
lesion Another sinus w'as followed to the lateral border of the sacrum from 
which a few small cortical sequestrums w'ere removed The wound was swabbed 
with pure phenol and packed with gauze Convalescence was uneventful, and he 
w'as discharged with the wound healed, tw'o or three months later More than a 
year later (in 1917) while at home, turn sinuses developed in the right thigh near 
the hip and discharged a little pus for more than a year He w'as again m 
the hospital for three months, under Dr Gill’s care (during my absence in 
France) , but no operation was performed The sinuses did not heal finally 
until 1919, and in September, 1919, he was again m the hospital and w'as treated 
with weight extension for three months because of pam He w'ent home with 
the sinuses still healed, and they have remained healed ever since He has 
now had no symptoms referable to the lup for tw'o years During the year 1919, 
however, a lump on the anterior surface of the right arm above the elbow 
formed and again disappeared several times It was finally lanced, and a 
spicule of bone was removed The sinus healed m about a month, and his 
arm had given him no further trouble until recently 

In June, 1921, three months before the present admission to the hospital, he 
was hit on the right arm by a baseball, and some time later fell from a motor 
cycle and may have injured his arm Two months before, he had some dull 
pain in the arm and was treated by his family physician for neuritis The 
pain commenced again a week previously, and the arm began to swell Then 
the pam diminished 

Examination — On admission, Sept 14, 1921, there were noted the scars of 
healed sinuses about the right hip, thigh and sacro-iiiac region The move- 
ments of the hip were normal and painless The right arm was swollen, red 
and hot It was not very painful even on deep pressure There was palpable 
bony thickening m the middle of the shaft About 2 cm below this area, on 
the anterior surface of the arm, was the scar of a healed sinus The roentgen- 
ray report by Dr R S Bromer stated, “There is a fusiform swelling of the 
shaft with much periosteal thickening which is laid down longitudinally There 
is widening of the medullary canal and a shadow suggestive of a sequestrum 
lying within it I hardly think this is due to a new growth but to an osteo- 
myelitis” (Fig 3) 

Opaation — -Sept 16, 1921, an incision, 20 cm long, was made between the 
biceps and triceps, exposing the thickened roughened shaft with one cloaca 
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on its anterior surface affording admission to a cavity about 5 cm in length 
in the medulla No sequestrum was found The mvolucrum was removed on 
the lateral surface of the humerus for a distance of 15 cm , both sides of the 
gutter being cut down until only half the thickness of the bone remained The 
wound was wiped with picric acid (2 per cent alcoholic solution) and closed 



Fig 3 (Case 1) — Staphj lococcic osteomyelitis of humerus, subacute 
abscess with cystic appearance 


with deep sutures of silkworm gut, with an iodoform gat 11 cnp applied 

the lover angle, and the arm was bound to his side and a s ^ 

Com sc — Oct 1, 1921, the wound was nearlj healed There was 


purulent discharge from the lover angle 
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September, 1922, the wound broke open once, three months after operation, 
but healed m a week and has remained healed since 

March, 1923, there uas normal function and no disability whatever 
Case 2— Sohc cv?( of tlic tibia lhxioix—C G, a brunette Italian girl, 
aged 5 years, had alwais been well except for measles and whooping cough in 
infancy For about two vears before coming under observation, there had been 
some swelling around the left ankle no history of injury was obtainable 
Lately there had been much pain in walking 

Examination — On admission to the Episcopal Hospital, Aug 25, 1913, the 
soft parts over the lower end of the left tibia were swollen and tender There 
v, as no redness and no heat The tissues around both malleoli were puffed up, 




Figure 4 Figure 5 

Fig 4 (Case 2 )— Cystic osteitis, probably tuberculous, of lower end of tibia 
Fig 5 (Case 2) Cystic osteitis, probably tuberculous, of lower end of tibia 


and there was marked tenderness on movement of the foot, especially on forced 
dorsal flexion A. roentgenogram (Figs 4 and 5) revealed a bone cyst of the 
lower end of the tibia, the ankle-joint appearing normal 

Opeiation Aug 27, 1913, under Esmarch anemia, a curved incision was 
made over the seat of disease, and a flap of skin and subcutaneous tissue 
turned aside The periosteum was slightly thickened, and the cortex slightl> 
hyperemic The cortex was about 2 mm thick, and when this was removed 
a yellowish white cyst wall bulged into the opening When this was cut 
through with scissors, some semifluid matter resembling tuberculous pus, oozed 
out, and then considerable cheesy matter was evacuated, but no free fluid 

lere u as a good deal of carious spongy red bone surrounding the cavity, and 
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it was thought to be a tuberculous abscess of bone (Brodie’s abscess) On the 
posterior wall of the tibia, the cyst had perforated the cortex over an area 
about 3 mm in diameter The cyst cavity was the size of a pigeon’s egg and 
extended down to the epiphyseal cartilage The cavity was scraped clean and 
fiUed with iodoform bone wax (Mosetig-Moorhof) , no drainage was 
established The leg was dressed m plaster of Paris 

Cauise — September 3, the gypsum dressing was removed because of pain m 
the leg A little of the wax was discharging between two sutuies A new 
gypsum case was applied, with a window over the wound 

October 3, no discharge had come from the wound since the last note The 
wound was now healed 

October 10, the patient was walking in a gypsum case 
October 15, the case was removed Swelling over the ankle was less A 
new case was applied without any window over the wound 

November 5, the case was removed There was no swelling, and good 
motion in the ankle A brace was ordered 

November 28, the patient was sent home walking well in the brace A 
roentgenogram made before the patient went home revealed considerable con- 
centric growth of bone around the iodoform wax plug, which had been slightly 
absorbed 

Feb 12, 1914 (six months after operation), the leg looked practically normal 
The ankle could not be dorsiflexed beyond 90 degrees There were no symp- 
toms The patient walked well, and still used the brace (It has been impos- 
sible to trace the patient ) 

Pathologic Repot t (Dr C Y White) — Culture and smear from the cyst 
were negative (Unfortunately, the cyst wall and contents were mislaid in the 
operating room and did not reach the laboratory in fit condition for histologic 
study or for inoculation into guinea-pigs ) 

Case 3 — Tubciculous cyst of ulna Histoiy — J C, a brunette boy, when 
about 6 years old, fell and hurt his left elbow He seemed to have suffered no 
particular disability as a result, but two years later (July r , 1914) he applied to 
the orthopedic dispensary of the Episcopal Hospital because of limitation of 
motion 


Examination — There was decided limitation of rotation in the forearm, and 
the elbow could be flexed only to 50 degrees and extended to 130 degrees 
There was no pam, no heat and only slight thickening of the elbow region A 
roentgenogram revealed a cystic condition of the upper end of the ulna 
apparently extending to the joint surface (Fig 6) It was thought to be a 
‘benign bone cyst,” and, after keeping the child under obsenation for our 
months and finding no change in the local condition, operation was adwsc 
and agreed to by the parents 


Opcialton — Nov 4, 1914, under Esmarch anemia an incision was made o\er 
the subcutaneous surface of the ulna below r the olecranon The periostcui^ 
was incised and reflected The cortex appeared unduh inflamed, w* ^ 
a large number of bleeding points, and was soft and easily remoic 
gouge, without the use of a hammer The cortex was 05 cm t IC ® 
when it was removed a smooth fibrous layer was exposed, whici cons i ^ 
the cyst wall Enough of the orerhing cortex was rcmoied to 
c \ st wall fairly well orer an area approximately 2 by 4 a cm ' n 
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was then made to enucleate the cjst without rupture, but this proved 
impossible since, at the coronoid process of the ulna and over the entire 
articular surface, the cyst wall was denseh adherent to the bone, dipping down 
into irregular notches and depressions Those portions of the cyst wall which 
were not removed with the cyst contents were scraped off the adjacent bone 



Fig 6 (Case 3) Cystic osteitis, tuberculous, of upper end of ulna 


NoVurf f " P SP °" S' e0nt “ lS ° f ,1 ’ e cyst granulation tissue 

war aid T Th ' “ V, ‘ y m ™ filled with .odoform bone 

bandage I! "T “<> <*•«» *e skm were tightly sutured The Esmarch 

ndase was not removed until after the dressings liad been applied 
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Pathologic Examination (Dr C \ White) — This revealed tuberculous 
osteomyelitis Injection of the tissue into a guinea-pig was positive for 
tuberculosis 

This report is of interest, especially as the roentgenogram did not suggest 
a tuberculous process The roentgenogram is practically identical with that of 
the second case reported as chronic fibrocystic osteomyelitis by Barrie " 

Com se — November 23, there had been a little discharge of wax since 
operation 

December 7, the wound was firmly healed 
t December 18, a plaster-of-Paris case was applied, the laboratory report of 
the tuberculous nature of the lesions having been received 

March, 1915, the gypsum case was removed and the arm carried in a sling 

May As heat in the elbow persisted, an internal angular splint was 
applied, in addition to the sling 

June There was no heat or swelling The splint was removed 

July Use of the sling was discontinued 

October Motion of from 50 to 120 degrees was possible There was neier 
any pain 

August, 1916 Motion of from 70 to 140 degrees was possible There were 
no symptoms 

November Motion of from 45 to 115 degrees was possible The patient 
played ball and had no disability It was believed that if motion did not lmproie 
when epiphyseal growth was complete, excision of the elbow might be advisable 
A roentgenogram revealed no vestige of wax remaining The upper end of 
the ulna was rarefied, but much of the cortex had reformed, apparently of 
normal density 11 

Case 4 — Fibiocystic osteitis of fcntiti developing aftei operation foi Ln ocl- 
knee Histoiy — M E, a brunette, aged 16 years, was admitted to the Episcopal 
Hospital in October, 1914, complaining of disability from recurrence of a 
knock-knee deformity in the left lower extremity When 3 years of age she 
had been operated on m England for knock-knee, being told at that time that 
she had only cartilage, no bone, in the knee The deformity gradually recurred 

Examination — There was lateral movement in the knee joint through an 
angle of 50 degrees (from 180 to 130 degrees), and in flexion the patella luxated 
externally, entirely disabling the patient The left lower extremity was 2 cm 
shorter than the right There were scars over the inner surface of the upper 
end of the tibia, and above the internal condyle of the femur, which she said 
were those of the operation, thirteen years previously A roentgenogram showed 
a cystic area m the lower end of the femur 

Opeiation — Oct 24 1914, an incision about 10 cm long was made from the 
patella upw'ard between the rectus and vastus interims muscles The latter 
was cut through, exposing the femoral shaft The quadriceps bursa was then 
raised from the femur, and a wedge of bone was cut from the median stir ace 
of the femur just above the internal condyle The cortex was aery tun, 
fracturing almost like an eggshell, and the marrow' w'as almost flm 
correction of the deformity' was secured after removal of the wedge, bx irea 
mg the thin cortex on the lateral margin of the femur by adduction o t >e c 
on the thigh A plaster-of-Paris dressing was applied 

11 During the author’s absence m France (1917-1919), Dr Gill performc 
an excision of the elbow for recurrence of tuberculosis 
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Pathologic Repot t (Dr C Y White) —No organisms were visible m a 
smear made from the fluid in the medullary ca\ity, and a culture showed no 
growth A guinea-pig inoculation was negative for tuberculosis Histologically, 
the sections from the marrow showed onh chronic granulation tissue becoming 
fibrous 

Com sc — The gypsum case was removed two months after operation, but 
a brace was worn for a vear, supporting the knee against undue strain Five 
years and three months after operation, the patient was reported to be in good 
health, with no recurrence of the deformitv and normal use of the knee 

Case 5 — Fibt ocyshc osteitis of tibia developing aflci opciahon jot bow-leg 
History — A M, a brunette man, aged 25, was admitted to the Episcopal Hos- 
pital Oct 24, 1914, complaining of instability in the left knee, which was sub- 
ject to recurrent sprains He had been operated on in England ten jears, or 
more, previously for bow-legs, and for the last five or six years this deformity 
had been returning, especiallv in the left low'er extremity where the bowing 
was quite marked, owing to outward curvature of the tibia 

Examination — Roentgenograms showed changes in the head of the tibia 
suggesting cyst formation The knee was bowed outward at an angle of 160 
degrees, there was moderate (from 5 to 10 degrees) lateral motion m the joint, 
and the limb was 2 5 cm shorter than its fellow’ 

Opciation — Nov 6, 1914, a skin flap was turned up over the subcutaneous 
surface of the upper end of the left tibia, and the periosteum w’as retracted 
Transverse osteotomy was performed about 6 cm below the level of the knee 
joint, dividing the entire median surface of the tibia The medullary cavity 
seemed to extend unduly far toward the bone end, it resembled currant jelly 
in appearance, but was more friable A piece of bone, 2 5 by 1 25 by 1 cm , wrns 
cut from the cortex of the tibia shortly below’ the site of the osteotomy This 
was inserted in the gap made bv correcting the bow-leg deformity The bone 
w’edge effectually prevented its recurrence A plaster-of-Paris dressing -was 
applied 

Pathologic Rcpoit (Dr C Y White) — Tissue removed from the marrow' 
car lty, on guinea-pig inoculation W’as negative for tuberculosis, but after suf- 
ficient tissue had been used for this purpose the specimen was not satisfactory 
for histologic examination 

Com sc — Dec 31, 1914, a brace was applied after the gypsum case had been 
removed The knee was straight Jan 18, 1915, the patient went home wearing 
a brace, but walking without crutches The patient has not been traced 

Case 6 —Bone cyst involving the uppci end of the humans Histoiy 12 — 

J R, a brunette boji, aged 12 years, fell and injured the right shoulder m the 
summer of 1911 He was treated foi a sprain He fell again in November 
1911, and broke the humerus About ten dajs after this injury he was admitted 
to Dr Frazier’s service in the Episcopal Hospital, and came under my care 
There evidently was an unreduced fracture of the upper end of the humerus A 
roentgenogram confirmed the diagnosis, nothing else abnormal was noted at 
the time Excellent reduction, as shown bj another roentgenogram, was secured 
under a general anesthetic, and recovery of perfect function was uneventful 
About three months later (March, 1912), another roentgenogram was made 
to see whether there had been anj permanent injury to the epiphyseal cartilage 
There were now indubitable evidences of a change in the upper portion of the 
me ulla of the humerus The whole upper end of the diaphysis was thickened, 


12 Compare Med & Surg Rept Episc Hosp 1 290, 1913 
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two rarefied areas in the medulla were surrounded by denser bone, and there 
were indications of bony trabeculae crossing the rarefied areas The functions 
of the joint were perfect, there was absolutely no deformity, and there were 
no subjective symptoms of anv kind For these reasons no treatment was 
instituted, but the boy was kept under observation Reexamination of the 
original roentgenograms revealed thickening of the upper end of the humerus, 
probably indicating the presence of disease at that time (November, 1911) 

In August, 1912, nine months after the injury, another roentgenogram was 
made This showed the cystic change more developed, with thinning of the 
cortex There were no subjective symptoms whatever, and all of the functions 



Fig 7 (Case 6) — Bone cyst, upper end of humerus, with pathologic fracture 
(Courtesy of Lea and Febiger , from Ashhursts Surgery ) 


of the shoulder joint, including external rotation and abduction, wer ^ 
preserved On palpation, however, a distinct though slight thickening 
humerus could be detected, when compared with the other arm 

The boy fell again, Jan 6, 1913, and injured the right shoul e J ogram 
at once to the Episcopal Hospital and was seen by me * je rositr 

(Fig 7) showed a partial fracture of the cjst wall below the great 
The parents then consented to operation ^ 

Operation — Tan 10, 1913, the patient was etherized, and an 
bandage was applied aboae Wreth’s pins, as for shou er J 
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An incision was made from the coracoid process down to the insertion of 
the deltoid muscle along the interspace between the deltoid and pectoral is 
major The cephalic vein was left attached to the deltoid Sterile gauze was 
then sutured to the skin margins of the wound With another scalpel the inter- 
muscular incision was deepened, and the periosteum was incised just to the 
outer side of the long tendon of the biceps The periosteum was thickened, but 
no distinct new subperiosteal bone was present The fracture on the outer side 



Fig 8 (Case 6) —Humerus, ten years after operation 


of the surgical neck was thus exposed, one shell of the cortex, as shown in the 
roentgenogram, stood out from the shaft From this there was a faint line of 
racture running transversely inward No rotation of the lower fragment on 
the upper was possible 

The cortex, which was about 2 to 3 mm thick, was then cut away with a 
gouge, exposing the medullary cavity which was filled with thm blood-stained 
1)1 us was sucked out with a syringe and sent to the laboratory for 
mation There was about 10 cc of fluid A few masses of currant jelly 



6 76 


ARCHIVES OF SURGERY 


like medulla were also removed and sent to the laboratory, as was a section from 
the cyst wall There were no areas of whitish tissue, characteristic of fibrous 
osteitis The interior of the expanded cortex was curetted with Volkmann’s 
sharp spoon, the opening m the cortex being enlarged until about 8 cm long 
and 2 cm broad, the defect extending from the level of the epiphyseal cartilage 
to the insertion of the deltoid muscle At these limits the cortex and medulla 
seemed to become normal The cortex on the median side of the bone opening 
was then crushed m, and the wound was closed in layers without drainage 
first, the periosteum, then the deep fascia, and finally the skin The time con- 
sumed by the operation was one hour 

The Esmarch bandage and Wyeth’s pins were removed after the wound had 
been dressed A shoulder cap was applied, and the arm bandaged to the side 
Course — At the first dressing, January 22, all the skin sutures were remoied 
There was moderate serous discharge (subcutaneous) from below the lowest 
suture The rest of the wound was healed The arm was dressed again three 
days later, when there was no discharge, the wound being soundly healed The 
boy was sent home this dav, two weeks after operation 

There have been no symptoms since operation, and in October, 1922, nearly 
ten years after opeiation, there was no evidence of recurrence and no disability 
(Fig 8) 

Pathologic Repoit (Dr C Y White) — Cyst Wall Small fragments of the 
inner surface and wall of the cyst showed, on histologic examination, normal 
bone trabeculae, faced by a narrow margin of fibious tissue The latter 
separated the cyst contents from the bony structure and consisted of typical 
fibrous tissue cells without other cellular infiltration The bone fragments con- 
sisted of normal bone trabeculae without cellular infiltration other than is 
common to spongy bone 

Cyst Contents The contents of the cyst showed yellowish fluid containing 
blood clots Smears made from the fluid showed the following cellular con- 
tents polymorphonuclear leukocytes, 14 per cent , mononuclear cells, 2 per 
cent , transitional cells, 1 per cent , lymphocytes, 72 per cent , eosinophils, 

2 per cent , neutrophilic mvelocytes, 9 per cent 

No nucleated red cells, no giant cells, a few r fibrin fibrillae and serum were 
found 

Bacterial Cultures Anaerobic and aerobic cultures were negatne No 
bacteria w r ere observed in the various smears examined A complement fixa- 
tion test for syphilis made on the fluid from the cyst gave a negative reaction 
Case 7- — Multiple cystic osteitis Histoiy — E J, a brunette girl, aged 19, 
■was admitted to the Episcopal Hospital, Oct 12, 1920 The general health Inc 
alwacs been good When 7 years of age (in 1908) while walking on the street, 
the patient fractured the left femur— apparently a spontaneous fracture S ie 
was taken to the Chester Hospital, where she said the bone urns rebroken se\en 
times but finally united with marked deformity In 1914 (at 13 rears ot age) 
she sustained a fracture at the middle of the right femur Union occurre 
without deformity Dr H M Armitage operated at the Chester Hospita 
the left femur twice m 1915 for deformity (He writes that both opera io 
were merely osteotomies with straightening of the bone for malunion 0 °"‘ 6 
repeated fracture He saw no indication then of any cistic disease ) n ^ 
she injured the upper third of the left leg (below the knee) while pkawng or 
sliding board, but she was not confined to bed and did not wear a sp m 
had had pain in the left leg until the last rear Anteroposterior bov mg 
right leg had been developing gradualh for years 
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Examination — The patient could walk with crutches or other support as iar 
as a mile, progressing very slowly, crossing one leg m front of the other as 
indicated in the accompanying illustrations (Figs 9 and 10) 

Only the lower extremities were affected, the left femur and leg bones being 
much more deformed than the right The right lowei extremity from the 
anterosuperior spine of the ilium to the internal malleolus measured 74 cm , 
the left 71 cm , in straight lines, not allowing for the distortion of the limbs 
(Figs 11 12 and 13) 

The left femur slightly above the middle was bowed outward, making an angle 
of about 135 degrees, open toward the midline of the bodv (Fig 13) There 



Fig 9 (Case 7) —Appearance of legs before operation, multiple fibrocystic 
osteitis, showing ordinary cross-legged position in attempts at locomotion 


was no abduction possible in the left hip The left patella was nearly a hand’s 
breadth above the right Owing to the deformity, the left femur was 7 cm 
shorter than the right The left leg (below the knee) was bowed inward in a 
long curve at an angle of 155 degrees open laterally 

The right thigh was apparently normal except for palpable thickening on 
the lateral border of the femur, about 10 cm above the condyles Abduction 
was possible in the right hip to about 45 degrees There was marked knock- 
knee deformity on the right, the thigh and leg making an angle of 145 degrees 
The blood Wassermann reaction was negative, and there was no Bence Jones 
protein in the urine which was otherwise normal, as was the blood 

Treatment She was put to bed with weight extension (longitudinal) 
applied to both legs, lateral traction to each knee, pulling the knees apart, and 
a band over the apex of the deformity of the left femur pulling toward the right 
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During her stay m the hospital metabolic tests were made by Dr A A 
Walkling under the supervision of Dr C Y White, director of the hospital 
laboratories , but they gave no conclusive results 

Dec 17, 1920, after two months in bed with extensions as above described, 
the position of the left leg having been slightly improved, the patient was 
etherized, and, after forcible abduction of the left hip until the femur was heard 
to crack at the site of the old fracture, a plaster-of-Paris dressing was applied 
from the axillae to the toes on both sides, at the same time keeping the 
deformities of the knees and legs under as much tension as possible in an effort 
at correction 



Fig 10 (Case 7) —Same patient, with hips abducted as far as possible 


Con, sc — Jan 13, 1921, the gypsum dressing was rcmoied from the : right 
lower extremity She was then able to be about the ward m a wheel . for 

Feb 5, 1921, the patient was transferred to the Orthopaedic 1 P 

further treatment , f>mur was 

Feb 12, 1921, under ether a supracondylar osteotoim of the rig ^ 

performed, subcutaneously The deformit\ was almost entirely ovcrco 

plaster case was applied from the toes to the hip . C \truint' 

April 5, 1921 the paster case was remored from the left 

and the pehis 



Fig 11 (Case 7) — Cystic first metatarsal bone of foot 
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April 9, 1921, under ether, resection of the left tibia was performed An 
incision, 20 cm long, was made, forming a flap ruth its base on the lateral side 
of the leg The periosteum was incised and reflected from the entire circum- 
ference of the tibia The tibia was soft except along the posterior border and 



was easilj indented bj a blunt instrument Free bleeding occimred^jren^^ 
cortex The tibia was dnided obliqueh by the osteotom , g cm \ 
border out and down to the lateral side below the section | coatfolk6 j„ 

spurting arten from the upper fragment of the dnided t 
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crushing in the trabeculae Points of the tibia! segments were cut off, and a 
square notch was cut on the apposing surfaces of the tibia Much better position 
was secured by approximating these sections (Fig 14) Reduction was main- 
tained by one Parham band The periosteum and fascia were sutured with 
interrupted chromic catgut No 1 and the skin with continuous catgut No 0 
The fibula was not divided The time required was forty-five minutes A 
plaster cast was applied from the toes to above the knee 

July, 1921, caliper braces were applied to both lower extremities, and the 
patient returned to her home, temporarily She walked with crutches 

September, 1921, she wrote that she was “improving wonderfully” She 
walked with one crutch 



Fig 14 (Case 7) — Diagrams, showing nature of operation on left leg 


January, 1923, she still used one crutch, and had slight “cross-legged” pro- 
gression The brace was still on the left leg There was firm fibrous union 
in the left tibia She works e\ery day in a mill (Fig 15) 

Pathologic Rc[>oit (Dr C Y White) — The findings were osteitis fibrosa, 
no giant cells 

Cass. 8— Multiple fibiocystic osteitis Histoiy — H R, a brunette youth 
aged 18, was admitted to my service at the Orthopaedic Hospital, Oct 21, 1916, 
presenting the deformities shown in the accompanying illustrations (Figs 16 
17, 18 and 19) He had been in normal health from birth until the age of 5 
'ears, from 5 to 7 years of age his bones seemed to soften and bend, and at 
9 years of age he suffered his first fracture, from trivial injury Since the 
age of 9 'ears he had had se\en other fractures of the limbs, but there had 
been no fracture for the last few' 'ears, and the disease seemed quiescent 
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Roentgenograms of the vanes bones are reproduced F, 8 „ r e s 20, 21 and 23 
rust Upaation — In order to correct the defnrm.Hr , , , 

of the right tibia and fibula tvas performed Oct 28, 1916 They wer'e^ovSed 

MMlTOtt" 8 10 f C d ,' E | , ;‘"' 24 The first dressing was made 

Feb 10, 1917, three and one-half months after operate,,,, when the L sum case 

”” thftdnf T S l,ealC<I ’’ 0rma " y ' ' JUl * hcre "' as c °nsiderable 
novement in the tibia A new case was applied 

Th,sZl™s C 'T'°"r I : CC W ' >m ' ,as «” the left femur 

This bone was almost subcutaneous at the apex of the outward curve The peri- 
osteum was detached by sharp dissection, leaving some flakes of cortical bone 



Fig IS (Case 7) — Results of operative correction of deformities 


attached, from the entire circumference of the femur for a longitudinal distance 
of 8 or 10 cm The linea aspera jutted out as a very prominent ridge and ivas 
difficult to clear The shaft of the femur was soft and easily dented by the 
periosteal elevators It w'as planned to section the bone as indicated m the 
first diagram of Figure 25, and then to resect enough of the ends to allow the 
femur to become nearly straight It was realized that a simple wedge resection 
would be inefficient owing to the tension of the soft parts in the adductor and 
flexor regions A Hey’s saw and osteotomes were used for making the section, 
but the femur broke across (second diagram of Fig 25) after section A was 
completed This was, therefore, removed, and section B was cut separate!) 
When the femur was straightened, the condition was that shown in the thir 
diagram of Figure 25 The distal half of fragment A was replaced in the gap, 
and the fragments were held together by two encircling pieces of phosphor bronze 



Fig 16 (Case 8) — Right lateral view of patient with extreme deformity of 
extremities from multiple fibrocystic osteitis 



T’g 17 (Case 8) — Left lateral \iev. 
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wire These were not sufficient to prevent slight motion, but did prevent gross 
displacement of the fragments, and thus facilitated closure of the soft parts and 
application of the plaster-of-Paris dressing, which included the pelvis, with the 
hip flexed to 120 degrees and the knee to 30 degress, permitting the sole of the 
foot to lie flat on the bed The first dressing was done Feb 10, 1917 two 
months after operation The wound was healed except for one point of granula- 
tion A new plastcr-of-Paris dressing was applied (not including the pelvis), 
with the hip extended and the knee at an angle of 160 degrees There appeared 
to be fibrous union m the femur March 7, 1917, preparatory to a second opera- 
tion on the left leg (compare description of the fourth operation), the case 
was remoted from the left thigh and leg, and a new one was applied including 
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Fig 18 (Case 8) —Anterior view 

the left hip and the thigh to just above the knee Union was not yet firm m 
the left femur 

Thu d Opci ahon —Feb 17, 1916, this was performed on the right femur " s 
bone was bowed outward at right angles below the trochanters and a a cj 
4 cm in diameter, at the apex of the deformity The neck of tie 
an angle of about 80 degrees with the shaft (coxa vara) Before the ^ 

was straightened, the right thigh crossed the left, but since the °P e . 

the left femur, the thighs could be abducted just far enough o p the 

between them The right thigh still was so markedly adducte 
deformity that it made an angle of 45 degrees with the long axis o 
(Fig 26) 
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At the operation, it was found that the periosteum stripped rather easily from 
the rough, porous and soft bone The periosteal elevator easily perforated the 
cortex into the largest cyst, and about 4 c c of clear fluid was discharged 
The periosteum being reflected, the femur was split, by osteotome, longitudinally 
in the frontal plane of the patient’s body for a distance of 12 cm , and the distal 
end of this section was connected by saw with the extensor surface of the femur, 
and the proximal end with the flexor surface of the femur In attempting to 



Fig 19 (Case 8) — Appearance of patient with legs extended 

straighten the femur hi sliding these ends past each other, the distal fragment 
vas fractured nearlj transverseh, a little below the cjst The loose fragment, 
including the cyst, was removed (Fig 22) The ends w'ere then overlapped 
and encircled bv two Parham steel bands, as indicated m Figure 26 After 
closure of the wound in lajers, a plaster-of-Paris dressing was applied from 
the toes to the axillae, with the right femur abducted 45 degrees The 
dressing two and one-half months after operation (April 25, 1917), showed the 
soft parts healed and union firm 
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Font fit Operation — March 10, 191 7, an operation was performed on the left 
leg The ape\ of the deformity (convex medially) was exposed, and the 
periosteum stripped from the tibia, leaving flakes of bone attached The bone was 
cystic m places and quite soft The tibia was split for 10 cm m the corona! plane, 
the section emerging on the extensor surface of the tibia at its proximal end 
and on the flexor (calf) surface at its distal end The fibula was fractured 



Fig 20 (Case 8) —Right tibia and fibula 


purposely by momentarily increasing the deformity of the leg, and the en s o 
fragments of the tibia were thus exposed An artery m the me u a 0 
proximal fragment ceased to spurt after the application of gauze P re J s “ rc 
few minutes The tibial fragments were then overlapped until the axia ^ 

was nearly overcome, whereupon the superfluous bone was sawed o , c 
fragments to fit together well (F,g 27 A and B) These were encircled 


\ 
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Parham bands The lower band cut into the soft bone for about 1 cm , but 
the upper band held firm on the surface of the cortex After closing the wound, 
plaster of Paris was applied to the leg and incorporated with the gypsum 
dressing already on the thigh 

Fifth OpeiaUon —This proved fatal to the patient It was undertaken, April 
28, 1917, on the right leg, which had been the seat of the first operation, just 



Fig 21 (Case 8) — Left tibia and fibula 


six months prenoush It was desired to complete the correction of the deform- 
it\ of this leg No Esmarch bandage for temporary hemostasis was employed, 
and none lnd been emploved at am of the previous operations No unusual 
lemorrhage had been encountered at anj of the operations, the spurting artery 
rom the medulla, noted m the account of the fourth operation, ivas the only 
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bleeding that had been considered worth} of record But m this, the fifth and 
last, operation m making the skin incision the internal saphenous vein was 
cut, and, owing to its being embedded m scar tissue against the periosteum, quite 
a little blood was lost before it was clamped and tied This was the on!} 
untoward feature of the operation There was firm fibrous union at the site of 
the former resection of the tibia (Fig 24) , but the fragments could be moved 
just enough upon each other by the hands to make the motion visible The 
periosteum was reflected , the bone divided along the former sections, and the 
ends delivered The fragments were sawed as indicated in Figure 2 7C, and 
it was necessary to resect the fibula to allow apposition of the ends of the tibia 
in the correct axis The tibial fragments were encircled by owe Parham hand, 
winch gave perfectly firm fixation (though no indiscrete attempts were made to 
try its strength) To keep the band from slipping down the conical surface ot 



the tibia, a groove was cut in the crest of the bone, m which the band was fitted 
The wound was closed, and a plaster-of-Paris dressing was applied from the 
toes to the groin The operation lasted an hour, and the patient was distinct } 
shocked But as his pulse had always risen to 160 at the end of the previous 
operations, no undue alarm was felt at the conclusion of this He was gnei 
stimulation, put to bed with local heat a hot enema was administered, an 
foot of the bed raised , but he failed to react, and died about an hour a ter 
end of the operation Failure to appreciate the cumulative effect of ve tnaj 
operations in the course of six months, perhaps with the little extra ee 
and delay occasioned by injury of the long saphenous vein, seems to ave 
the cause of the fatal termination 


S, 
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Pathologic Repot t (Dr C Y White) — The findings revealed typical osteitis 
fibrosa Between spicules of hone, the sections examined were made up of loose 
fibrous tissue, with full} formed capillaries and larger blood vessels The bone 
stained more deeph than the normal in areas, and were more cellular than 
normal— apparent!} undergoing absorption No giant cells were seen 



Fig 29 (Case 9) — Cvstic osteitis of the left humerus 


Metabolic Studies —While the patient was m the Orthopaedic H ° s P lta! 
olic studies, made by Dr E P Corson White, indicated ^ ^xcessne 1 
excreta of calcium and phosphorus Dr White believed that the d.sea 
of the osteomalacia type 
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Case 9— Myeloma (giant cell saicoma) of the humous Histoiv— S B, a 
brunette girl, aged 13, was admitted to the Episcopal Hospital Nov 11, 1920 
In November, 1919, a tonsillectomy had been performed 

In 1916 she fell and bruised the left arm It became swollen and her mother 
rubbed it with liniment The swelling soon subsided and she had no further 
trouble , but she said that “if any one frightened her after this her arm became 
numb and she was unable to move it at the shoulder” She had injured the arm 
several times since 1916, and each time it became swollen, but the swelling 
always subsided in a few days 

Aug 1, 1917, she was treated in the surgical dispensary of this hospital Ru 
an injury of her left arm, for which liniment was prescribed 

Nov 8, 1920 she fell downstairs, striking her left shoulder, and was unable 
to lift it She came to the surgical dispensary where she lias seen In Dr W R 



Fig 30 (Case 9) — Diagram showing nature of operation employed 

Brown, Jr , who, after having the arm roentgenographed, referred her to the 
semee of one of us (A P C A ) 

Examination — She was a well developed stout Jewish girl, normal except for 
the condition of the left arm, which was somewhat swollen from the shoulder 
almost to the elbow' and felt slighth hot to the touch The bone w as thickened 
There were a false point of motion and crepitus about the middle of the humerus 
She was unable to use the arm 

Roentgen-Raa Report (Dr R S Bromer, Fig 29) ‘Upper half of left 
humerus shows marked cistic formation This does not resemble one huge bone 
c\st but has the tapical appearance of cjstic osteitis There is a pathologic 
fracture of the shaft of the humerus” Dr Ashhurst “Roentgen raj shows 
cWic expansion of upper part of humerus as far down as insertion of deltoid 
to more than twice its normal diameter The expansion is not abrupt at the 
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lower limit of disease, and extends up to the epiphyseal cartilage of the head, 
which is still visible There are numerous trabeculae in the cystic area and a 
transverse fracture through the middle of the cyst, without displacement” 

Opet a twit Nov 16, 1920, Esmarch anemia was secured by the use of a 
rubber bandage around the shoulder, held in place with Wyeth’s pins, as m 
cases of amputation at the shoulder joint (compare operation in Case 6) 



Fig 31 (Case 9) —Left humerus, fifteen weeks after operation 


An incision was made, 20 cm m length, from the greater tuberosits o ^ 
humerus downward, just laterad to the biceps muscle When the per ‘° cJose£ j 
was reflected from the bony pronuence, a subperiosteal fracture uas ‘ , st 
at the middle of the bony swelling The cortex of the humerus was ^ en 
deficient at this point and was easily perforated by a periostea e ei a 
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opened it was found to be only 1 mm thick Inside the cyst were several bony 
trabeculae, incompletely dividing it into the different cavities The contents 
of the cyst consisted mostly of yellow, slightly turbid fluid, with a little currant 
jelly like tissue A culture was taken, and this, as well as specimens of the 



Fig 32 (Case 9) —Left humerus, nine months after operation 


bone marrow and cortex was sent to the laboratory The marrow canty was 
Uoroughh cleared out with the curet as far as the ep, phi seal cartilage alxne, 

Tltu t0 1 ,e P° int "here the cortex and marrow appeared normal, 

it Hough c\ en here the marrow appeared grayish and congested 



696 


ARCHIVES OF SURGERY 


An apcriosteal transplant was then cut from the subcutaneous surface of 
the left tibia, IS by 1 25 by 1 25 cm , and was fitted snugly into the interior of 
the cvst, a slot being cut m the shaft distal to the cyst, m order to admit the 
transplant without disturbing the fragments of the humerus (Fig 30) The cyst 
walls were then crushed in, considerably diminishing the size of the cavit} 
After complete closure of the soft parts in layers, the Esmarch bandage was 
removed, and the entire upper extremity and thorax encased in plaster of Paris, 
with the shoulder abducted about 45 degrees 

Laboi aloi v Repot t (Dr C \ White) — The fluid from the tumor was sero- 
sangumeous An unstained film showed nothing pathologic A stained film 
showed the usual red and white cell elements, with slight excess of lympho- 
cytes Culture of the fluid showed it to be sterile 

Microscopic Sections of fragments of tissue submitted were made up of 
(1) fibrous tissue similar in every respect to scar tissue which bordered a small 
section of bone, (2) larger spicules of bone undergoing absorption Surround- 
ing the bony spicules were areas of hemorrhage In their immediate vicnnh 
were a few giant cells (epulis tjpe) 

Diagnosis This was fibrocystic osteitis with giant cells 
Cow sc — Nov 23, 1920, a slight continuous fever had been present since 
operation, from 99 to 101 F The temperature was normal todaj The patient 
sat up in a chair all day 

November 26, the leg wound was dressed The incision was healed 
December 11, she was put back to bed because af fever (101 F ), and a 
purgative was given 

December 17, the temperature was normal The patient was out of bed 
December 22, she walked about the ward 

Jan 7, 1921, seven weeks after operation, the case was removed from 
the arm and chest, and the first dressing was made All skm sutures were 
infected No deep infection was apparent Union was firm in the humerus 
A new case was applied to the arm and chest, and the patient was discharged 
from the ward the next day 

March 4, 1921 The arm had been dressed weekly since the last note through 
a window in the cast* Healing was complete, except for a small granulating 
area at the upper end of the incision The case was removed today and a 
shoulder cap of gypsum was applied There was firm union and no deformity 
The roentgen ray (Fig 31) revealed the bone much denser and less expansion 
The transplant was intact, there was no deformity 

Aug 1, 1921, a sinus had persisted Recently a small sequestrum was is 
charged spontaneously As there was no disability and the girl was able to 
use her arm normally, the parents declined any radical treatment for cure o 
the sinus A roentgenogram (Fig 32) showed the transplant absorbed an ti 
humerus to be of nearly normal density , 

June, 1922 The sinus healed m September, 1921, and had remained c ose 

There was no disability s 

Case 10 — Myeloma (giant cell sat coma) of the Itimbai veitcbtac 15 
lory — O N a brunette boy, aged 14 years, was admitted to the Orthopae 
Hospital, Dec 28, 1913 Oct 13, 1913, he had strained his back by lifting 
end of a 300 pound elevator weight That night he suffered severe pam 

13 This case has alread) been the subject of a report by Dr G B D 
(Ann Surg 62 636, 1915; 
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the back, radiating from the lumbar region to the right hip In several days 
the pam ceased One month later, while playing at school, he was knocked 
down and fell against a stone wall, striking the right lumbar region This 
caused so much pain that he was taken home and put to bed After being in 
bed for a time he got about on crutches , but, Dec 1, 1913 he was taken to a 
hospital in his home city and treated for rheumatic arthritis of the right hip 



Fig 33 (Case 10) —Roentgenogram, one month after operation of a mjeloma 
unolnng the right side of the lumbar \ertebrae 


He was transferred thence to the Orthopaedic Hospital, four weeks later, with 
the diagnosis of ‘progressne muscular atropln " 

L unimiuhon On admission he was suffering with sc\ere pain m the right 
lower quadrant of the abdomen and m the right hip This pam was parov- 
N'nnl m character, lasting an hour or more at a time He was a fairh well 
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nourished boy and about the average size for his age In the right lumbar 
region was a large mass, semisolid in consistency, occupying the entire right 
lumbar region and the right lower quadrant of the abdomen This mass was 
extremely tender on palpation The knee jerks were increased, and there was 
bilateral ankle clonus 



Fig 34 (Case 10) —Appearance of vertebrae, five months after oper 


iai A T7 having varied 

Two days after admission, the temperature ^ 9|000f 

between 99 and 100 F ever since admission The leukocy f n , n the 

,he urine was negative The boy bad had severe! sever He 

right lom, writhing, moaning and jerking the " d Totto 

lar either prone, or on the right side always w, h the ^h. P^ ^ „ 

there was no ankle clonus, and the knee jerks were abs m th e lom 

complained of much referred pain m the right knee 
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remained about the same as on admission, but anteriorly it could be more 
clearly outlined, extending from the costal border to below the level of the 
umbilicus The right iliac fossa was free, and the lower edge of the mass was 
easily outlined above it The mass did not move in respiration and was quite 
fixed on palpation and moderately tender It was continuous with the liver 
dulness Roentgen-ray examination of the spine was negative 



Fig 35 (Case 10) —Vertebrae, seventeen months after operation 


The prcoperatnc diagnosis was (1) probably a cold abscess, though it 

sofirTn U,1USUal f ° r SUCh ^ lcS,on t0 be outlined so clearlj and 

so firm ns tins tumor, or for an abscess of tins size to form within so'short 

SD '\r 7 0,1C ; 13 m ° nths) and " ,thout demonstrable lesion of the 

sninnl c~ . ICrn!1s 1 n Pcrnephroma or sarcoma, but it was thought that the 
sinnl cord s\ mptoins fnxored the diagnosis of cold abscess 
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Opeiahon — Under ether anesthesia operation was performed Dec 30, 1923 
After incising the lumbar fascia through an 8 cm incision m the right loin, a 
well encapsulated bluish tumor was exposed, easily outlined below and in 
front It was shaped like the lower pole of the kidney, but was much larger, 
and not quite so firm in consistency When the capsule was punctured 
there was a gush of scmiclotted blood, about 500 cc, mostly fluid being 
evacuated The lumbar and sacro-thac joints could be palpated apparently 
free from all muscular attachments , hut there was no area palpable which 
seemed to he de\oid of periosteum Two of the transverse processes of the 
lumbar vertebrae felt hare, and the erector spinae muscle seemed destroyed 
Fragments of tissue (muscle' 1 tumor ? angiosarcoma ? ) were saved for examina- 
tion The rather profuse hemorrhage stopped after complete e\acuation of 
the diseased tissue , the cavity was packed with iodoform gauze around a 



Fig 36 (Case 10) —Low power photomicrograph of tissue secured at 
operation A, blood dot , B, tumor tissue 


rubber tube, and the wound was dosed m layers The gauze and tube " e 
removed during the first week 

Pathologic Repot t— One specimen of the tumor was examined by Dr 
Corson White, pathologist to the Orthopaedic Hospital, and another sectI0n 
Dr C Y White, director of the laboratories of the Episcopal Hospi a 
report from both laboratories was that the tumor was a “giant cell sarcotn 


(Figs 36 and 37) ^ 

Course —As the swelling in the loin began to reappear during the t ir 
after operation, treatment with Coley’s fluid (mixed toxins o strep ° co 
Bacillus piodtgiosus, supplied by Dr Martha Tracey) was begun densC 

ogram taken one month after operation (Fig 33) showed a m 
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and irregular shadow in the right loin, extending from the third, fourth and 
fifth lumbar vertebrae to the crest of the ilium 

Jan 22, 1914, three weeks after operation, the first injection of Coley’s fluid 
(1/10 minim) was given into the buttocks Seventeen weeks after the initial 
dose, the amount administered had been gradually increased until 42 minims 
were being given At no time during these weeks were the reactions severe 
After an interval of three weeks, during which no Coley’s fluid was given, injec- 
tions were resumed, the first dose being 42 minims, the amount being gradually 
increased until 48 minims had been reached Again an interval of rest for three 
weeks was allowed, after which the injections were resumed, beginning with 
a dose of 48 minims From this time on the reactions were rather severe, the 
temperature often rising to above 102 F and at times reaching 103 2 F Chills 
accompanied the temperature, and there was always severe pain at the site of 



I ig 37 (Case 10) —High power photomicrograph of tissue secured at opera- 
tion 4 giant cell, B, blood pigment, C, giant cell 

the needle puncture and often marked skin reactions The highest dose reached 
was 56 minims At first, as alreadv stated, the injections w’ere made in the 
buttocks first on one side, then on the other, gradually approaching the site 
of the tumor, until finally the injections were gnen directh into the tumor in 
the loin These injections were continued o\er a period of eight months, with 
onh two periods of rest of three weeks each During these internals the 
p itient's general condition improeed a great deal The injections were 
nc\cr uun on two succcssne dais, but two or three times weekh Morphm, 
coi cm or aeet\lsalic\hc acid (aspirin) was frequenth required for pam, but 
t u ug i tonics were required, the lads state nc\er became so bad as to require 
tunu ation The ri actions on the whole were \er\ mild, but occasionally eery 
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?f Ve ” ? r P enit ’ m hlS origmal re P° rt ' statcs that m a letter received from 
Dr Martha Tracey, Philadelphia, whose preparation of Dr Coley’s toxins was 
used, she stated that the highest dosage employed by Dr Coley was 26 minims, 
though she knew of one case in which 30 minims was given at a dose Dr 
Denit believed that the dosage reached in the case now reported, 56 minims, 
was the highest yet reported 

The tumor, which, after the operation wound had healed, had begun to 
increase in size (Fig 34), remained about the same in consistency until the 
end of September, at which time it began to become softer and to increase 
markedly in size Several days later the mass broke down and discharged 
through the scar of operation m the loin From this time the mass diminished 



Fig 38 (Case 11) — Myeloma involving the head of the tibia 

in size and became harder m consistency until at the time the injections were 
discontinued, it had the consistency of a bony tumor This tumor seemed to be 
adjacent to the fourth and fifth lumbar vertebrae in the right loin 

The patient was discharged, Nov 10, 1914 He had been up and about t e 
ward almost daily since early in February, about two weeks after the admin 
istration of Coley’s fluid was begun, when the pain had almost subsided n 
discharge, no tumor could be palpated through the abdominal wall, an t 
mass in the loin had decreased markedly m size and assumed the form o * 
bony tumor At this time the patient’s weight was 76jd pounds (354 kg) ' x 
months later it was 103 pounds (47 kg ) He appeared to be m perfect liea ^ 
and there was no increase in the size of the bon> tumor, which appeare 
dense bony mass m the roentgenogram (Fig 35) 
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In August, 1920, nearly seven years after operation, he was reported as being 
in good health He had served through the war without disability, but he had 
had the misfortunte to lose an eye 

Case 11 — Myeloma of head of left tibia Histoiy— Lieut J D, USA, 
brunette, aged 23, was under my care at the Walter Reed General Hospital, 
Washington, D C, in April, 1919 Nine years previously, when 14 years of 



Fig 39 (Case 11) — Mjeloma imohing the head of the tibia, duration nine 
\cnrs 


^ rccencd a \ioknt blow below the left knee from a beam piece of 
1 ^ v ' at; 111 s ° inuc h pam that he was unable to walk for an hour and 

n c t ' Kn llo hbkd home \\ itlun a few months, a bom lump made its 
II anci. but caused no disability It grew slowly larger for se\eral years, 
k was com meed that it had grown no larger during the last fi\e >ears, 
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as he was able still to wear the same pair of tight fitting knee breeches that he 
had made five rears preuoush 

Examination There was a visible mass bulging on both sides of the crest 
of the tibia at its head, the crest also bulged forward The appearance 
was similar to that of the normal knee joint, but palpation demonstrated the 
real knee joint, which looked like the thigh, entirely above the area where the 
bony tumor existed in the head of the tibia (Fig 38) Roentgenograms, made 
by Major Selbv, showed the typical trabecuiated appearance of a myeloma 
(Fig 39) On account of the patient’s age, which made the presence of sar- 
comatous changes more likely than m a child, and because of the persistence 



Fig 40 (Case 12) — Myeloma involving the lower end of the radius, just 
before first operation, Feb 20, 1913 


of the tumor, operation was urged, that the true diagnosis might be ascerta ^ 
and an intelligent prognosis furnished to his commanding officer the patie 
being desirous of remaining permanently in the army 

Opeiation — April 14, 1919, under Esmarch anemia, the cortex was 
over the median and lateral aspects of the head of the tibia, leaving t ie c 
and tuberosity intact The lateral surface was bosselated, and the P en ° _ 
was very adherent There was no fibrous lining to the c>st, "\\bic w 
tilar and contained some yellow fluid, tissue resembling curran j 
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softened bone The interior was cleared out by gouge and curet until normal 
bone was reached in all directions The sides and anterior wall, except the 
crest, were then crushed in, partially filling the cavity The periosteum, fascia 
and skin were closed in separate layers before removal of the Esmarch bandage 
and a plaster-of-Paris dressing was applied 

Pathologic Repot t — This appears to refer only to a specimen of the cortex 
removed “Absence of lacunae and osteoblasts no evidence of inflammatory 
reaction, bone sclerosis" 



Pig -II (Case 12) —Radius, seien months after first operation 


Couni— 1„ lull 1919 after m\ return to Philadelphia, he wrote me that 
He ins miking all be wanted with crutches but with no disabiliti 

In September 1919 be ms, ted ,m office still using a cane, as his leg felt 
a ntk wnk Re was not able to run The right tibia measured 29 5 cm 

■ ' C ntc ’ t * It - RR cm Recent roentgenograms showed normal bone 
throughout the head of the tibia 

-eptember l^-l he wrote that onh a small lump oi bone remained (this 
>e protruding tilual crest not crushed m at operation) and that he had 
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no disability whatever, except that sometimes in damp weather or after a very 
strenuous day’s work, he was conscious of a little “rheumatism” in the leg 

In March, 1923, he confirmed the last report in person 

Case 12 Myeloma of ladxus, tccunencc c iflci cutcUagc, excision and turns 
plantation of bone History— S M, a brunette woman, aged 22, applied to Dr 
Harte’s service at the Orthopaedic Hospital, Feb 20, 1913, with a cystic swelling 
of the wrist, which at first sight was mistaken for tuberculosis of the tendon 
sheaths The swelling had gradually developed during the preceding year (since 
February, 1912) from no well ascertained cause A roentgenogram (Fig 40) 
showed the lower end of the radius destroyed by a cyst, which, however, left 
the wrist joint and the overlying soft parts intact March 5, 1913, Dr Harte 
opened and curetted the cyst, whose walls were very thin, there being scarcely 
any trace of bony tissue discernible 14 A transplant was cut from the tibia and 
inserted in the interior of the evst to maintain the form of the bone and in 
the hope of stimulating osteogenesis For months the local condition continued 



Fig 42 (Case 12) — Radius, fifteen months after first operation, showing 
recurrence just before second operation, June 1914 


to improve The tumor became smaller and its walls firmer , it lost its cystic 
feel, but the forearm remained abnormally large and caused the patient con 
siderable annoyance A roentgenogram taken Sept 24, 1913, six months after 
operation, showed that the transplant was being absorbed (Fig 41) Early in 
1914 the tumor again began to soften (Figs 42 and 43) , the local heat an 
discomfort increased, until finally in June, 1914, the girl consented to anotie 
operation She was referred to my service at the Episcopal Hospital 

Opeiation — June 27, 1914, I excised the entire lower end of the radius, inc J u ^ 
ing its periosteum and articular surface It was found that the extensor ten 
of the thumb passed through a canal in the tumor, and while one of the tern oi ■ 
could be pulled out of this canal after being divided, the other could 
extracted and about 2 inches of it had to be removed with the tumor 
over, the tumor so overhung the carpal bones, although it had not 

14 Dr Paul A Lewis, then of the Pennsylvania Hospital, reported that 
growth was a “giant cell sarcoma ” 
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through the articular surface of the radius, that it was impossible during the 
operation to outline its limits precisely, and the scaphoid and semilunar bones 
were inadvertently removed along with the tumor A transplant, with perios- 
teum attached was then cut from the tibia (5 inches long, and of the thickness 
and shape of the lower end of the radius) and inserted in the large wound 
caused by removal of the tumor This transplant was fixed to the shaft of the 



Fig 43 (Case 12) —Myeloma of radius, just before the second operation, 
Tune, 1914 


radius by a steel plate, the plate was serened to the radius, but as the screws 
fixing it to the transplant twisted loose when half inserted, it was necessary to 
fix the plate to the transplant bj a wire loop (Fig 44) In Figures 45 and 46 
the operative specimen is illustrated Healing was uneventful A splint was 
worn for three months after the operation At that time the transplant was 
irml\ united to the shaft of the radius there was rotation in the forearm 
through an arc of more than 90 degrees, there was flexion in the wrist to 140 
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degrees, and extension to a straight line flRf) rinrr \ 

"f 



Fig 44 (Case 12) — After operation, June, 1914 


Feb 12, 1922, she struck the dorsal surface of the right wrist against a 
table It pained her all night, but after that she had no symptoms until Februan 
21, when she began to have pain in the thumb and index finger Examination 
February 24, showed tenderness and slight warmth and possible false motion 
about the middle of the transplant, about 5 cm above the wrist joint The 
roentgen ray revealed fracture of the transplant through the site of the most 
distal screw holding the plate 
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Second Opeiation — March 11, 1922, operation was performed to remove the 
bone plate and the screws, and to investigate the site of fracture (Orthopaedic 
Hospital) Incision was made, excising the scar of the operation of June, 1914, 
about IS cm long, from the base of the thumb metacarpal upward This was 
deepened to bone in front of the flexor carpi radialis The fascia and muscles 
surrounding the steel plate inserted eight years previously were stained black 
A fracture was found, nearly transverse and subperiosteal, involving the trans- 
plant at the site of the distal screw (Fig 48) This screw had twisted off while 



Fig 45 (Case 12) —Roentgenogram of specimen removed at operation 

being inserted at the previous operation, and while buried in the bone did not 
project into the corresponding screw hole of the plate The most proximal screw 
(m the original shaft of the radius) was still firmly fixed in the bone, and had 
to be unscrew ed almost to its tip before remora] The second screw (also in 
the original shaft of radius) was loose, as was the third screw (in the proximal 
o the transplant) , but the screw at the site of the recent fracture w r as so 
denseh embedded m the bone of the transplant that it could be remored only b> 
gouging out the bone all around it The distal encircling wire was easilr 
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broken, but the proximal wire (Fig 48) had to be cut In both, the twisted ends 
were intact The fracture occurred through bone, apparently dead, white, avas- 
cular and very dense, but perfectly continuous with the surrounding well vas- 
culamed bone of the transplant, which extended to within less than 1 cm of 
each side of the fracture The plate, screws and wires were removed The 
junction of the transplant with the shaft could not he identified The projecting 
extensor surface of the distal end of the transplant at the wrist was cut down 
level with the surrounding bone, and the fragments of bone thus secured were 
placed between the fractured ends of the transplant, after each fractured end 
had been gouged out until vascular bone was reached Specimens of dead and 
living bone (in one piece) were saved for laboratory examination 10 The 
extensor tendons of the thumb exoosed above the wrist were normal but 
adherent to each other, and with some scar tissue around them (Compare 
description of previous operation ) The wound was closed in lasers with 



Fig 46 (Case 12) — Specimen removed at operation above, the extensor 
surface of the specimen, with a probe passed through the canal occupied hj 
the extensor tendons of the thumb, below, appearance of flexor surface, t e 
ulnar aspect resting on the table 

chromic catgut, and an internal angular splint was applied Figure 49 is from 
a roentgenogram made four weeks after this operation 

In December, 1922, nine months after the last operation, there was no >e 
bony union m the fractured transplant, hut the patient had been at her ustia 

work for some months , { 

In February, 1923, for continued nonunion, an aperiosteal bone transp 
from the tibia was inlaid across the site of fracture Firm union 
secured Pathologic examination of the larger pieces of bone remove 
the site of fracture at this time (Dr E P Corson White) showe no e\ 
of tumor, only sclerosed bone 

15 Examination by Dr E P Corson White, pathologist to 
Hospital, com meed her there was dead bone present, and also ar 
cell sarcoma ” 
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Pathologic Rcpoit (Dr C Y White) —On section of tissue received from 
Dr E P Corson White, removed at operation in 1913 (Figs 50 and 51), the 
report was that the general structure of the tumor mass was peculiar in that 
it consisted almost entirely of “epulis” giant cells, with nuclei varying m number 
from four or five to twenty or thirty Between these giant cells were a few 
large cells with vesicular nuclei, a few small lymphocytes, a very few blood 
vessels (fully formed), and elsewhere blood which seemed to be either hemor- 
rhage or blood which was coursing in spaces between cells (with no blood 
vessel walls) There were undoubted fat cells throughout the tissue The 
stroma (intercellular substance) of the mass seemed to be very small in amount 
One border of the section showed very few giant cells and numerous spindle 
cells, arranged somewhat m whorls There were limited areas, showing the 
latter type of cells, which suggested spindle cell sarcoma 

Throughout the entire section there was some evidence of karyokinesis 
Diagnosis (June 9, 1922) Giant cell sarcoma (of epulis type) with begin- 
mg malignancy (spindle cell sarcoma) 16 



Fig 47 (Case 12) — Appearance of arm, three months after operation 


Pathologic Rcpoi t (Dr C Y White, June 9, 1922) —On tissue (Fig 52) 
from second operation, June, 1914, the report was that the tumor consisted of 
spindle cells not densely packed, fully formed blood vessels, and, enmeshed in 
the stroma, rather numerous typical giant cells (epulis type) Elsewhere in 
the section was fully formed fibrous tissue The whole picture was one of 
chronic granulation tissue with giant cells 

The arrangement of the spindle cells showed a distinct tendency to forma- 
tion of whorls In areas there were small capillaries with normal walls as 
well as a few larger blood vessels Throughout the tissue were numbers of 
large “gigantic cells ” 

In comparison with the tissue from the specimen removed in 1913, there 
vvere not one tenth as many giant cells (epulis type) The spindle cell was 
the prc\ ailing type of cell, suggesting sarcoma It was much more like sarcoma 

^ ^ H F Addison, professor of histology and embryology in the 

mversitv of Pennsv Kama, ■ventured the opinion that the giant cells m this 
section (Figs 50 and 51) resembled megalokary ocy tes rather than foreign bod\ 
giant cells , but as tliev represent a pathologic and not a normal constituent of 
ie lesitated to differ too positu el\ from experienced pathologists 
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than the 1913 tissue Against sarcoma was the presence in the 1914 sections of 
well formed blood vessels, both capillary and larger vessels 

Diagnosis The question as to whether it was to be regarded as chronic 
granulation tissue with giant cell formation, or chronic granulation tissue with 
sarcoma formation, was debatable, but the latter diagnosis was favored” 
Cash 13 Myeloid sat coma of humous Histoiy — J W, brunette man, aged 
37 years, was admitted to the Episcopal Hospital Jan 19, 1921 The patient was 
a carpenter Two years previously he began to experience soreness in the right 
arm He rubbed it with liniments and painted it with 10 dm Pain was present 
only when he lifted the arm over his head and when he did heavy work More 
than a year previously when he was throwing ashes out of a cellar window, his 
right arm broke He went to the University Hospital where a roentgenogram was 
taken 18 and where he was treated He was out of work for five weeks, but even 
after return to work the soreness m the atm and pain during hard work con- 
tinued This disability had been growing worse during the last two months 
Ten days previously, while helping his wife pull out a bureau drawer, he 
noticed a crack in his arm, and was disabled with pain on the slightest motion 
He came to the dispensary of this hospital for treatment, where he was under 
the care of Dr William Whitaker Roentgenograms made bv Dr R S Bromer, 
Tan 12, 1921 showed “a condition which involves the upper third of the humerus, 
resembling very much a chronic cystic osteitis, with a pathologic fracture at 
the junction of the middle and upper thirds of the shaft" (Fig 53) 

Examination — The patient was admitted to the ward, one week later He 
was a stout, healthy looking individual, appearing older than his given age 
The right arm presented slight palpable bony thickening in the upper third of 
the humerus, no redness, only slight tenderness on palpation, preternatural 
mobility and crepitus at the junction of the upper and middle thirds, and no 
apparent deformity . 

Diagnosis This was cystic osteitis, probably benign, possibly sarcomatous 
since at this patient’s age purely benign cysts are unusual 

Opciation — Jan 21, 1921, an incision was made from midway between the 
acromion and coracoid, downward along the lateral border of the biceps to the 

17 These slides were also examined by the following pathologists, whose 
opinions are appended Dr Allen J Smith, Philadelphia giant cell sarcoma, 
locally malignant, Dr John Speese, Philadelphia giant cell tumor, more malig- 
nant than sections in 1913, Dr Herbert Fox, Philadelphia chronic inflammatory 
tissue, diagnosis of tumor cannot be made from this section but there are 
areas suggesting giant cell tumor. Dr James Ewing, New York giant ce 
tumor, Dr J C Bloodgood, Baltimore giant cell tumor, Dr E A Codman, 
Boston giant cell tumor, necrotic, Dr J H Wright, Boston giant cell tumor, 
Dr S B Wolbach, Boston giant cell tumor , Dr F B Mallory, Boston chronic 

inflammation , 

18 Roentgenograms made at the University Hospital in Octo er 
December, 1919, shown the author in 1921 by Dr Pancoast, revealed fracture 0 
the surgical neck of the right humerus No bone disease was note m 

but reexamination m 1921, with knowledge of the patient’s later con i w > 
enabled one to appreciate a slight trabeculation in the region aboie t ie surg 
neck, and in the second roentgenogram also a slightly greater atropiv an 
which extends farther down the shaft than wmuld be expected to o ov> 
alone 
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lower third of the arm The thin cortex over the cyst was easily perforated 
by blunt instruments Section of the cyst wall and a specimen of the contents 
of the cyst were sent to the laboratory The cyst wall was only from 3 to 
4 mm thick It was fibrous only, with no trace of bone, where the cyst was 
entered The contents resembled currant jelly, with small islets of yellowish 



Tig 4S (Case 12) —Fracture of transplant through the most distal screw 
Hole, nearh eight \ears after last operation 


vvh.tc fibrous tissue scattered throughout Such aery free (almost alarming) 
Hemorrhage was encountered from the interior of the cast that preparations 
made to apph an Esmarch bandage around the shoulder but b\ rapidlj 
ivKuatmg all the soft tissue from the interior of the cast and packing it with 
-1UZC temporarih, all bleeding stopped permanent!} 
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An aperiostcal transplant (12 by 1 5 by 1 S cm) was next cut by circular 
saw from the subcutaneous surface of the right tibia In removing this by 
osteotome, the shaft of the tibia, which seemed unusually brittle, was acci- 
dentally fractured obliquely through the crest at the lower end of the transplant, 
and the transplant itself w'as fractured transversely near the center One 
fragment of this transplant was placed within the bone cavity of the upper 



Fig 49 (Case 12) -Appearance of arm, Feb 28, 1922, four weeks after 
removal of plate and screws shown in Figure 48 The dorsal sur aC ® ° 
lower end of the transplant was trimmed down at the same time to 
the contour of the wrist 


fragment of the humerus extending from the interior of the grea ^ 

almost to the line of fracture The second piece of the transp an ' ^ cut 

bridge the fracture of the humerus, being fixed below as an and jts 

,n the anterior surface of the shaft of the humerus below the cy , 
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upper end passing into the cavity of the upper fragment of the humerus The 
section of bone removed from the humerus to admit the tibial inlay was also 
inserted into the cavity of the cyst (Fig 54) After closure of the incision m 
layers, a plaster-of-Paris dressing was applied to the entire upper extremity 
and chest, with the shoulder abducted about 45 degrees The time consumed 
was one hour and forty minutes 

Cow se— Feb 14, 1921, the leg was dressed The operative wound was 
healed Two very small superficial abscesses in the calf of the leg had ruptured 
beneath the cast Union in the fracture of the tibia was not very firm 



Tig 50 (Case 12) —Low power photomicrograph of tissue secured at first 
operation (1913) showing innumerable “giant cells” (benign) of the epulis type 


March 4, 1921, the leg had been dressed e\erj few da>s Todaa, six weeks 
ifter operation, the arm case was removed for the first time The wound was 
hciled firmlj , and there was good union in the humerus A roentgenogram 
was taken and a new plaster-of-Paris dressing was applied to the arm and 
chest Union was firm also in the fracture of the tibia The patient was dis- 
c nrged to return to the dispensan for further dressings (roentgenogram, March 
4 1 Q 21 Tig 55) 
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The gypsum dressing was permanently removed about twelve weeks after 
operation, and the patient then wore only a gypsum shoulder cap and carried 
his arm in a sling Six months after operation he was able to resume light 
work 

Up to April, 1923, twenty-seven months after operation, there was no 
evidence of recurrence of the disease The humerus was firmly united, 
roentgenograms revealed nearly normal regeneration of the bone, although the 
shaft of the humerus was still thickened and deformed (Fig 56) , but the 
man had normal use of the arm, the only disability being from ankjlosis of the 



shoulder, apparently bony, in abduction about 75 degrees, moderate externa! 
rotation and slight flexion 

Pathologic Repoi t (Dr C Y White) -In general the tumor consisted^ 
spindle cells arranged m irregular whorls, which cells had a large veS “^ 
nucleus The blood vessels were, in general, fully formed, but 0C “ S ^ here 
areas were encountered in which blood seemed to be in space- - 
there were distinct hemorrhages, and m places this hemorrhage vas " 
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spread between the cells In these areas of hemorrhage there was much blood 
pigment m granules, some of it inside of phagocytes In these areas were 
numerous giant cells of epulis type These giant cells were less numerous in 
other areas 

In other sections of the tumor the cells were more crowded Morphologically, 
they were of the spindle cell type, representing fibrous tissue cells of granula- 
tion tissue In such areas the giant cells of the epulis tjpe were far more 
numerous 

In one small area of one section were groups containing from four to five 
large cells in which the nuclei were centrally located, the cell Avails r\ere 



Fig 52 (Case 12) — High porver photomicrograph of tissue from operation m 
1914, shoAving appearances suggesting spindle cell sarcoma, Avith gigantic cells 
(true "tumor giant cells”) A and B, gigantic cells 


irregularlj rounded, and the protoplasm did not stain, but shoived a 
Atr} faint reticulation betAveen Avhich rvas very fine, granular material 
resembling unstained fat These cells looked like those described as fattA 
degenerated cells BetAveen these groups of fatty cells, the structure of the 
tumor A\as similar to that noted elsewhere in the sections, namel}, spindle cell 
In sections shoving bone, the tumor tissue had encroached on the dense 
bom trabeculae, infiltrating it in areas 

In some sections an occasional “gigantic” cell aaus seen 



718 


ARCHIVES OF SURGERY 


Diagnosis This was giant cell sarcoma of bone marrow (giant cell 
tumor) with areas showing early spindle cell sarcoma (Fig 57) 

These slides were also examined by the following pathologists, whose 
opinions arc appended Dr Allen J Smith, Philadelphia “myeloid sarcoma 
malignant I have seen two similar cases in which metastases occurred”, 



Fig 53 (Case 13) — Cystic osteitis of the humerus 


Dr John Speese, Philadelphia giant cell tumor, Dr Herbert Fox, ^ 

spindle cell sarcoma, malignant. Dr J H Wright, Boston 
Dr S B Wolbach Boston gmn. cell tomor, Dr F B Mato. pr 
giant cell tumor, Dr J C Bloodgood, Baltimore giant cell It • 

Tames Ewing, New York xanthosarcoroa 
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Dr Bloodgood’s notes made in December, 1921, were 

“It is an unusual picture It suggests a picture described by Ewing as an 
endothelial myeloma The most marked features are groups of palely staining 
cuboidal and pavement cells of the endothelial type m tubules and lriegular 
'-avities, often mixed with blood Some cavities with blood without tumor cells 
This poition is separated by a very cellular stroma, varving in thickness Cells 
somewhat of the spindle type When we look at the tissue surrounding the 
endothelial area we have a picture of a small spindle and round cell sarcoma 
There are a few multinucleatcd cells It seems to me we can exclude osteitis 
fibrosa, the giant cell tumor or inflammatory tissue In the section there is 
no bone, no cartilage, no giant cells of the epulis tvpe, nothing to suggest a 
typical multiple myeloma Ihe age of the patient, 37, is against osteitis 
fibrosa ” 



Fig 54 (Case 13) — Diagram showing method of insertion of transplants 
Dr Bloodgood’s notes of June 5, 1922, were 

‘ There are not many giant cells, but the stroma is that of the benign giant 
cell tumor, or fibrohemangioma of the xanthoma tvpe I believe this 

is a benign lesion central in bone and should be placed with tins group — 
benign giant cell tumor” 

Dr Ewing's notes were 

'Sections show xanthosarccma, a cellular variety of the benign giant cell 
tumor Some areas contain many large clear cells filled with lipoid granules 
C triers are verv < ellular with compact spindle cells, long and short nuclei 
ightly liypcrchromatic Theie are many blood spaces lined with a few' giant 

CC s ^ le epulis type This tumor recurs locally' It belongs in the benign 
giant cell tumor class ” 

, Oystic changes in an exostosis spnnging ftom the lessei trochanter 

lit jcmiu m a patient uith multiple cai tilaginous exostoses History — 
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Lieut G H M, a biunctte man, came under mv care m March, 1919, at the 
Walter Reed General Hospital, Washington, D C His previous history was 
negative In September, 1917, he was thrown from his horse, and during the 
three following months he bad pam and soreness m the right groin and adductoi 


jt&L 




Fig 55 (Case 13) —Cystic osteitis of humerus, six weeks after P 

region of the right thigh Gradual!,, he became a,,» r « ““e "a 

hony tumor ,n the latter region wh»* ' “Jt.ceable limp, comply 

interfered markedly with his walkn e to swing hi« nt 

of pam m the right sacro-il.ac region, and at each step 
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lower leg far out from Ins bod> t 0 keep the tumor from “interfering” In stand- 
ing he kept the right lnp abducted 

Roenfgenogi aplnc Examination (Major Selby) —This revealed exostoses over 
the entire bodj The largest, and that which was the cause of the symptoms, 
was the sue of a small orange and sprang from the reg on ot the lesser 
tiochanter ox the right femur (Fig 58), growing into the adductor region and 



Fig 56 (Case 13) —Humerus, twenty-two months after operation 


hutting against the pelvis when attempts were made to adduct the nip Other 
exostoses were found in the following situations left lesser trochanter, lower 
third of both right and left tibias, middle of left femur and the transverse 
processes of the fifth lumbar \ertebra and on the twelfth ribs There was 
lnperostosis of the shaft of the right fibula 

The circumference of the right thigh was 3 cm greater than that of the 
eft just below the perineum (59 \ersus 56 cm ) There was normal motion 
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in the right hip except adduction, which was lost, and hyperextension and 
extreme flexion, which were painful Though there were multiple cartilaginous 
exostoses, there were none of the deformities associated with the affection 
knonn as hereditary deforming chondrodysplasia The patient’s height was 
173 cm , and the umbilicus was 99 cm from the floor 

It seemed to me that m this case the best plan would be to expose first the 
base of the exostosis at the lesser trochanter This exposure is not very 
easy , but I believe then and I believe now that the safest cxposuie mav be 
obtained by' means of Lambolte’s incision, which will be described presently 
Then, after division of the narrow' base of the exostosis, if the tumor proved 



Fig 57 (Case 13) —High power photomicrograph of tissue secured at opera 
tion, showing sarcomatous appearance 


adherent, or if, on account of its size, it could not be removed through the 
same wound, I determined to make a second incision in the adductor re ^ 10 ’ 
similar to that employed by Ludloff in cases of congenital dislocation 
hip, and complete the removal of the tumor by that route Certain y, J ^ 
latter route the lesser trochanter cannot be easily exposed, even in t ic a sc 
of an overlying tumor 

OpetaHon — March 13, 1919, at the Walter Reed General Hospital, wit 
skilful assistance of Capt John T O'Ferrall, Lambottes incision w c£ 
from the anterior superior spine of the ilium to the great trocian e ’ 
downward and forward for a distance of 12 or 15 cm Then ten 
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femoris and fascia lata were divided in the lines of the skin incision, and the 
flap drawn to the median side, the retractor protecting the great vessels The 
usual approach, on the median side of the long tendon of the rectus femoris, 
pioved so bloody that it was abandoned, and an approach on the lateral side 
of this muscle was adopted Before baring the femur, it was necessary to 
divide the external circumflex vessels Then the anterior intertrochanteric 
ridge was exposed, and on the median surface of this the pedicle of the tumor, 



Fig 58 (Case 14) —Large exostosis, with cystic center, springing from right 
femur near the lesser trochanter 


springing from the lesser trochanter, was identified and divided by chisel It 
measured about 3 cm in its longitudinal diameter and nearly the same trans- 
'crseh Attempts then were made to enucleate the tumor, but its wall was 
' tn easih broken through, and it had to be extracted piecemeal Its interior 
uas quite friable and soft, its surface was covered with cartilage The wound 
ua wiped out with hot mercuric chlorid and was closed m lajers without 
t raunge It pro\ed a difficult operation consuming more than two hours 
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Coin st— Convalescence was uneventful, and when I returned from active 
service m the army, at the end of April, 1919, the patient was walking about 
with support Under date of June 9, 1922, more than three years after opera- 
tion, he wrote that the results had been “most encouraging and successful”, 
and that he had about 75 per cent of the normal use of his right lower 
extremity However, he still complained of some sacro-iliac and lumbar dis- 
comfort, perhaps from pressure of the exostosis in that situation 

Labor at o> v Report — The specimens removed at operation were examined 
by Capt M W Lyon, M C, of the Walter Reed General Hospital, who reported 



Fig 59 (Case 15) —Cystic disease (angioma) of the tarsal scaphoid 


there were no inflammatory cells and no neoplastic cells, there was nor 
hyaline cartilage, normal osseous material, white fibrous tissue, an a sm 
amount of fatty marrow __ 

Case 15 — Cystic disease (hemangioma) of the taisal scaphoid H . 

V D A , aged 35, an architect, was seen Sept 9 1916, refere to me 
Dr Paul D Walter of Bethlehem, Pa, and Dr A G Sampson o 
delphia The patient had noticed m February or March, 1921, tha i 
foot and ankle felt as if they had been sprained, but he had no know e ge ^ ^ 
injury He played tennis without disability during the summer o - ’ { 

October of that year the pan, h» foot began aga.n Roen«eno s ran« made 
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this time (not seen by me) are said to have shown some bone change, the char- 
acter of which was not known His foot troubled him throughout the ensuing 
winter, and, following an attack of acute tonsillitis in the early summer of 
1922, the pain and disability became much worse Roentgenograms made at 
this time by Dr Pfahler (Fig 59) showed definite cystic changes in the tarsal 
scaphoid For the few months previous to visiting me in September, 1922, the 
disability had been steadily increasing, and for several weeks he had been 
entirely incapacitated, being barely able to hobble around with a cane For 
the previous few days he had suffered acute pain all the time and had been 
unable to sleep For many months he had been unable to wear golf trousers, 
because buckling them around his knee caused such severe pain in the foot 

Examination — Sept 9, 1922, the findings were negative except for the condi- 
tion of the right foot This showed a prominence on the median border of the 
scaphoid, so tender that it could scarcely be touched The astragalus and 
internal cuneiform bones were not tender, and the rest of the foot appeared 
normal Further roentgenograms showed the same condition as in Figure 59 
Operation was advised and accepted 

OpeiaUon — Sept 16, 1922, at the Orthopaedic Hospital, under the diagnosis 
of "cystic disease" of the tarsal scaphoid, an incision, 10 cm long, was made 
on the median side of the tibialis anticus tendon, the incision being curved 
toward the sole at its distal extremity, so as to turn down a flap of the soft 
parts The periosteum of the scaphoid bone was bulging outward on its 
median surface, the bone beneath felt cystic The astragalus and internal 
cuneiform bones were normal The periosteum of the scaphoid was incised 
longitudinally on its dorsal surface, exposing, in the interior of the bone, 
tissue which resembled currant jelly, and throughout which were very friable 
trabeculae of cancellous bone From gross examination, it was thought to be 
a myeloma (giant cell sarcoma) A culture from the interior of the cyst gave 
no growth, and guinea-pig inoculation was negative for tuberculosis The 
interior of the cyst was removed by curet, and specimens of the tissue sent to 
Dr E P Corson White, pathologist of the Orthopaedic Hospital, and to 
Dr C Y White at the Episcopal Hospital These reports are appended The 
proximal and median portions of the scaphoid were composed of normal dense 
cancellous bone Distally, at the median border, the disease extended as far 
as the joint with the cuneiform, but the joint itself was not invaded Thus, the 
cavity, about 2 5 by 2 cm , in the scaphoid was bounded by apparently normal 
bone proximally and laterally, and by bulging but intact periosteum medially 
and distally, the entire median portion of the scaphoid, except where it 
articulated with the astragalus, was cystic This cavity was not cauterized in 
any way, but after thorough curettement was filled with Mosetig-Moorhof’s 
iodoform bone wax The periosteum was closed with continuous chromic 
catgut sutures , the deep fascia with interrupted chromic catgut sutures , the 
superficial fascia with interrupted chromic catgut sutures, and the skin with 
continuous chromic catgut sutures Alcohol dressings were applied, and the 
foot placed in a gvpsum splint in a position of slight varus and ca\us 

Com sc — Oct 9, 1922, the skin sutures had been absorbed, and the wound 
"as healed except at its middle where it was barely moist Use of the gvpsum 
splint uas continued The patient, who had been about on crutches since a 
few dais after operation had had no pain since the operation, eien in damp 
"eather, for more than a \ear before operation his foot had imariabi} pained 
him \\hene\er the weather was damp 
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Oct 25, 1922, a roentgenogram showed the wax in the bone cavity, the 
surrounding bone looked normal Use of the gypsum splint was discontinued 

Nov 22, 1922, a little wax had exuded through the center of the incision, 
requiring change of dressings about once in ten davs The patient had been 
wearing stout orthopedic shoes for the last week He still used a crutch on 
the street 

Dec 7, 1922, the wound had healed since the last note The roentgen ray 
showed considerable hone regeneration and some of the wax still unabsorbed 
He walked without a cane 

April, 1923, there were no symptoms 

Pathologic Rcpoit — (Dr C Y White) — The section was composed of 
fibrous tissue with typical spindle cells areas showing atrophic bone and 
numerous various swed spaces filled with blood, and lined with endothelial 
cells Also there were large areas showing blood pigment, and a number of 
giant cells 

Diagnosis Hemangioma cavernosum of bone (Fig 60) 

Dr E P Corson White reported The tumor mass invading the bone was 
made up largely of flat endothelial cells with flat nuclei, which tended to form 
evsthke cavities often filled with blood The cavities were backed by connective 
tissue stroma Mitotic figures were present but not numerous In places the 
cells were collected in more or less concentrated masses, between which fibro- 
blasts had grown These areas were at times suggestive of malignancy, but 
probablv were not malignant 

Diagnosis Hemangioma 

Dr Allen J Smith reported The specimen represents ossifying endosteitis, 
or, if a tumor, telangiectatic osteosarcoma, relatively benign 

DESCRIPTIONS Or ROENTGENOGRAMS BY DR BROMER 

Figuie 1 illustrates an area of decreased density, apparently cystic 
in nature, in the lower third of the tibia along its anterior border, with 
a definite line (which is evidently proliferating periosteum) outlining 
the anterior border The remamdei of the shaft shows typical hone 
changes of syphilis From the roentgenographic appearance, it is 
impossible to determine definitely whether this rarefied area has a bony 
shell as a covering or whether the shadow apparently overlying it JS 
caused by one of the edges of a troughhke erosion caused by the 
syphilitic process 

Figure 2 presents a cystic condition that is very unusual, involving 
as it does the diaphyses and the epiphyses of the fibula and the ti ^ 
and all bones of the tarsus There is extreme atrophy of the shafts o 
the tibia and the fibula, quite frequently seen in congenital sypuis 
The involvement of the long bones of all the limbs would tend to m ^ 
cate that it is a systemic infection The expansion of the thmne 
cortex is abrupt as m giant cell tumors , but m the latter all neig i orin^ 
bones are never simultaneously involved as are the tarsal bones m 

Figure 3, from Case 1, shows the area of osteolysis plainly start 
mg from the medullary cavity and encroaching on the surrou 
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cortex, assuming an elliptic shape There is definite cortical thickening 
and deposition of new bone The periosteum shows proliferation, but 
nowhere is the latter perpendicular to the shaft, the newly formed bone 
being deposited longitudinally Knowing nothing of the history of this 
case, I believe it could be fairly assumed to be an infectious process 
The differentiation between syphilis, chronic osteomyelitis and tubercu- 
losis is, however, impossible The fact that cortical thickening and 
regeneration are marked would tend to rule out tuberculosis 

Figures 4 and 5 illustrate a cystic condition of bone with trabecula- 
tion and the appearance of a multilocular cystic area of rarefaction 
However, in the anteroposterior view, there is definite periosteal prolif- 
eration laid down longitudinally, which would put it m the class of 
the infections There is little tendency to overproduction of bone, and 
there is the cortical thickening as seen in Case 1 This would narrow 
the diagnosis to a consideration of tuberculosis alone 

Figure 6 shows a rarefied area, a cystic condition, m the upper 
extremity of the ulna It involves both the diaphyseal end and the 
epiphysis of the olecranon There is no periosteal reaction Trabeculae 
are not clearly defined There is nothing to indicate tuberculosis, 
although this was definitely established after operation It is almost 
identical to a case of fibrocystic osteomyelitis reported by Barrie, 2 who 
states that tuberculosis rarely causes fibrocystic changes in bone In our 
experience it would seem to be a more frequent cause He states that 
these fibrocystic lesions do not increase in size, but that it is impossi- 
ble to differentiate them from chronic sterile bone abscesses which also 
do not increase in size 

Bloodgood 8 calls attention to the fact that in a few cases of tuber- 
culous osteomyelitis localized in the shaft of long pipe bones, or m the 
epiphysis (for example, the lower end of the radius), a central rarefied 
shadow may be present surrounded by a bony shell with no ossifying 
periostitis This case would seem to be an example of such a condition 

In Figure 7 a cystic area, with slight trabeculation, thinning of the 
cortex and slight expansion in the upper extremity of the humerus, is 
seen, differing from the picture of chronic cystic osteitis in that the 
unexpanded portion of the cortex is not involved in the pathologic proc- 
ess The pathologic fracture can plainly be seen There is no periosteal 
reaction, and on this account the infections, syphilis, chronic osteomye- 
litis and tuberculosis, can be ruled out The exception to this rule 
must be borne in mind, howe^r The cortex does not show the abrupt 
expansion so often seen m giant cell tumors, and for this reason the 
latter could be excluded This narrows the diagnosis to a so-called 
true bone cyst 

Figures 11, 12 13 20 and 21 illustrate cases of multiple fibroc\stic 
osteitis which should not be difficult to diagnose In these two cases 
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the characteristic 1 eplacement of normal bone detail by irregular strands 
of trabeculae is seen, enclosing multiple cysts which vary m size and 
shape The bony cortex is expanded and thinned The characteristic 
deformities, usually bowing of the long bones, with the convexity 
eithei inward or outward, are present 

In this connection the observation of Strom 10 should be noted He 
cites a case in which the diagnosis of osteitis fibrosa was made only with 
the gieatest difficulty The lesion was situated m the upper extremity 
of the humetus, and was characterized by quite extensive deformity of 
that poition of the bone The outline of the remainder of the bone was 
quite normal, but the structure was abnoimal, suggesting a cavity for- 
mation The cortical portion m the deformed area was thinned and 
pressed outward Close study of the remainder of the shaft revealed 
the same thinning of the cortex with increase m the marrow cavity, 
although the outlines of the shaft and the diameter agreed with those 
of its fellow of the opposite side He emphasizes the fact that the 
decisive feature in osteitis fibrosa is not found in the deformed part 
alone, but in the involvement in the morbid process of the greater por- 
tion of the nondeformed pan of the bone This is necessary to rule 
out the possibility of local neoplastic formation 

The large cyst of the first metatarsal in Case 7 (Fig 11), involving 
the entne bone, is merely the picture of a cyst with no distinguishing 
characteristics No trabeculae enclosing multiple cysts can be seen If 
the patient had not shown the other lesions typical of chronic cystic 
osteitis, there would be no means whatever of differentiating between it 
and a so-called true bone cyst 

In Figure 29 the humerus, from its upper diaphyseal extremity 
downward, for the space of almost half of its length, shows a large 
cystic area The cortex is thinned and expanded so that the total 
diameter is approximately twice that of the normal shaft Trabeculae 
are seen A pathologic fracture is present 

The first condition coming to mind is fibrocystic osteitis, although 
the so-called true bone cysts show trabeculation I do not believe a 
diagnosis of either can be made from the roentgenogram alone 1° 
the unaffected portion of the shaft, the extension of the pathologic 
process does not show, as it did in the case of Strom 19 As previous y 
remarked, he considers this finding quite essential m the diagnosis o 

fibrocystic osteitis >f , 

The pathologist reported “cystic osteitis with giant cells 
considered it a giant cell sarcoma or myeloma, it certainly serves 

19 Strom, S Roentgen-Ra* Differential Diagnosis Between Osiers 
Fibrosa, Solitary Bone Cyst and Tumors, Acta chir Scandmavica ^ 
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show that the differential diagnosis of these three conditions, true bone 
cyst, myeloma and fibrocystic osteitis, is impossible by means of the 
roentgen ray alone 

In Figures 33 to 35 the globular shadow arising from the right 
side of the fourth and fifth lumbar vertebrae does not show definite 
characteristics of any new growth Figure 35 shows slight reticulation 
All show a limited outline, as though no invasion was present A giant 
cell tumor might be considered 

Figure 39 illustrates Case 11 in which the clinical and roentgen- 
ray diagnosis was giant cell sarcoma or myeloma The pathologic 
report was hardly satisfactory, inasmuch as the type of tumor was not 
stated It does not resemble a giant cell growth, inasmuch as there 
is very slight, if any, expansion of the bony shell, although the dark 
lines forming trabeculations are present Granted that expansion is 
present, it certainly is not the abrupt expansion noticed so frequently 
m the proved giant cell tumors If compared with the chondroma care- 
fully studied and reported by Bloodgood, 20 the roentgenographic appear- 
ance would seem to be identical 

In Figures 40 and 43 the lesion resembles very closely the typical 
textbook picture and description of a giant cell sarcoma or a myeloma 
It is located at one end of a long bone , viz , the lower end of the radius, 
one of the bones most frequently affected The cortex is thinned, the 
expansion beginning abruptly The growth is equal in all directions 
and is reticulated This, to my mmd, is a most typical giant cell 
sarcoma 

In Figure 53 the lesion shows none of the characteristics of a 
malignant growth It rather resembles a chronic cystic osteitis or a 
myeloma (giant cell sarcoma) The cortex is thinned and expanded 
Trabeculae are present There are shadows of rarefaction m the 
unexpanded portion of the bone, suggesting chronic cystic osteitis, 
pointed out by Strom 19 as a distinguishing feature of this condition 
The age of the patient would tend, of course, to rule this out The 
appearance resembles somewhat, too, a giant cell tumor , but the expan- 
sion of the cortex is not quite so abrupt as is often seen in these lesions 
Baetjer 10 gives this description of a typical spindle cell sarcoma of 
bone “While spindle cell sarcoma is malignant, it does not seem to be 
as invasive when seen upon the roentgen-ray plate It destroys equally 
ui all directions, is generally medullary in origin, does not expand the 
cortex, but destroys it The growth, however, does not show the same 
degree of invasion and may be taken for osteomyelitis It gives the 
appearance of being slightly limited m its extension through the 
medullan canal” 


20 Bloodgood T C Footnote S Page 180 Figure 15 
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It can easily be seen that this case presents nothing like the descrip- 
tion of Baetjer Nor can I find in the literature the description of a 
spindle cell sarcoma piesenting a like cystic appearance The present 
condition of the patient, more than two years after the operation with 
no recurrence, would tend to confirm the clinical and roentgen-ray 
diagnosis rather than the pathologic 

From Figure 58 the diagnosis was comparatively easy, especially 
since othei exostoses were found on examination of the long bones 
According to Bloodgood, 8 the exostosis rests upon a foundation of 
normal bone, while the exosteal growth is composed chiefly of cancel- 
lous bone It may show an outer condensed zone of bone, and there is 
usually little penosteal bone formation about its base The roentgen 
ray reveals little evidence of the cystic condition found at operation 
In Figure 59 the inner half of the tarsal scaphoid shows a cystic 
formation with trabeculae There is no invasion of the soft parts 
The remainder of the bone seems to be unaffected No other bones of 
the tarsus or the foot are involved This seems to be a case m which 
a definite roentgenologic diagnosis is impossible It might be a soh- 
taiy bone cyst, or possibly 1 ' a giant cell sarcoma The latter usually 
show much more abrupt expansion of the cortex The lack of invasion 
would seem to lule out a malignant condition If the correct diag- 
nosis is cavernous hemangioma or endothelioma, it is the first encoun- 
tered by us, and serves again to emphasize the impossibility of exact 
roentgen-ray diagnosis of these lesions 



ARTIFICIAL NERVE BRVNCIIES FOR INNERVATION 
OF PAR VIA ZED MUSCLES t 

B\RO\ SIOOKIA, \M, MD 

MW NOHk 

When a ncne liunk is mjuiul at a lex el .it wlm.li imjioitant mus- 
cular blanches aie t^ix en oft , it follows almost linaiiably th.it the 
muscles supplied In these blanches ate peimanently p.ualy/ed, since no 
path foi the conduction of nciu.ixes fiom the ncne tiunk to the 
muscle is available To find a means of {mining ncne blanches arti- 
ficial!}, so that such a path may be furnished foi the ncuiotization of 
muscles, has been the object of this icscarch Expci imcnl.illy, a method 
has been found xvhciebx a ncivc trunk may be made to giow none 
branches at am level m its coui sc and to supple am given muscle which 
it mav former!} have supplied A muscle noimalh m the domain of 
one ncne may be icmncnated by an aitificial ncivc blanch fiom 
another neive without impairing matcii.illy the function of the lattei 
Artificial ncne branches ma) be made In using a fiec autogenous 
nerve transplant, pieferabl} a small cutaneous ncne, the central end 
of vdnch is sutured into the ncne trunk and the distal end directly into 
the muscle to be mneivated By this means, foi example, the flexor 
carpi ulnaris muscle may be neiuolized, when its muscular branches 
have been destioyed, by foiming an aitificial bianch fiom the ulnai 
or from the median ncivc Or, if the musculocutaneous nerve is 
destroyed high up, so that its cenlial end cannot be implanted directly 
into the biceps, an aitificial muscular bianch may be made from either 
the median or the ulnar nerve and implanted into the biceps The combi- 
nations which may be employed are thus rather numeious and are 
further increased by the fact that more than one artificial branch may 
be made from a nerve 

The basis of this method lies in principles which are established 
both experimentally and clinically First, downgrowth of neuraxes 
from the central end of a severed nerve trunk can be carried to the 
distal end by means of a free nerve transplant Second, if the 
whole central end of a severed nerve is implanted into a paralyzed 
muscle, neurotization of the muscle takes place In the formation of an 
artificial nerve branch, a small free nerve transplant is sutured to part 

* From the Department of Neurology, Laboratory of Experimental 
■Neurology, Columbia University 

Read before the combined meeting of the New York Neurological Society 
14 1922 '^' eUro ^°® lca ^ Section of the New York Academy of Medicine, Nov 
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Fig 1— Schematic drawing illustrating the method used to form t0 

nerve^ branches An incision is made in the parent nerve jrunk ^ ^ ^ 
cut sufficient funiculi to cover the cross area of t h . and . thro ugh foe 

used as a conduction path from nerve to muscle 0 union, 

”“ed Silk suture ,s passed through the central end to form the « „, e 

and two similar sutures are passed through he epm«« sl„ » 

distal end of the nerve segment The latter sutures P ^ ^ fflUgcIc 1S then 
muscle as mattress sutures, as shown in A The op > * place d t0 prevent 

closed with catgut, and two additional epmeural sutures 

angulation of the nerve (B) 
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of a nerve trunk and utilized to catry the downgrowing neu raxes 
dn edit to the muscle The ftec end of the tiansplant is implanted into 
the paialyzed muscle just as is the seveied end of a whole nerve trunk, 
and neuiotization follows in like manner 

An incision into the nerve liunk is made as if a partial nerve ciossmg 
were to be performed, only sufficient funiculi being cut to cover the 
thickness of the free nerve segment to be used as the artificial branch 
A sort of flap is thus formed , but it is raised from the paient trunk only 
enough to permit accuiate end-to-end approximation of the severed 
funiculi and the free neive segment 

When neuiaxes are cut, we know that in the process of regeneration 
the central end of a single nemaxis may form a number of neuraxes 



Fig 2 — Cross-section through a nerve transplant, showing downgrowth of 
neuraxes and numerous neuraxis branches within a single neurolemma sheath 
Ranson pyndin silver stain, paraffin section , X 430 

As many as ten or twenty may be seen in cross-sections within the 
same neurolemma sheath (Fig 2) By leaving the nerve flap and line 
of suture in situ, some of the newly formed regenerating neuraxes 
which do not grow into the artificial nerve branch may find their way 
down their old sheaths and regenerate within the distal part of the nerve 
trunk While it has not been possible to demonstrate that these neuraxes 
do find their way into the old sheaths, the possibility of their further 
downgrowth in them is at least not precluded Thus, the loss of 
neuraxes to the nerve trunk may be diminished if the artificial nerve 
branch is brought to the nerve trunk and if the flap is raised only suffi- 
ciently to permit suture 
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The distal end of the artificial nerve branch is implanted into the 
muscle to be neuioiized as near as possible to the motor point of the 
muscle, that is as neat as possible to the point where the muscular 
branch entered the muscle This point of implantation is to be pre- 
ferred, since it is the physiologic point of entrance of the nerve How- 
ever, it is not essential, since neurotization of the muscle may take place 
11 respective of this In selecting the point for implanation, sufficient 
allowance should be made to prevent tension on the nerve during con- 
traction of the muscle or movements of the extremity 

To implant the distal segment, a slit is made in the muscle in the 
direction of the muscle fibers and hemostasis obtained by placing a 
small bit of moist, warm cotton in the opening thus made, and waiting a 



Fig 3 — Longitudinal section through paralyzed biceps muscle innervated y 
an artificial nerve branch from the ulnar nerve, 139 days after section of tie 
musculocutaneous nerve Normal striations and normal size of muscle fascicu i 
indicate regeneration Ranson pyridin silver stain, paraffin section, X430 

moment Two fine waxed silk sutures are passed through the epmeurium 
of the nerve segment at opposite points, about 2 mm from the ista 
end The nerve end is then buried m the muscle by passing^- 
epmeural sutures into the muscle as mattress sutures (Fig 1) 
opening m the muscle is then closed with catgut, and two a 
epmeural sutures are passed to hold the nerve m place and pre\en 

kinking at the point of implantation 

It is conceivable that, by the time the neuraxes have grow n r 
nerve trunk through the nerve branch to the muscle, the dista imp an 



Fig 4 — Cross-section through paralyzed biceps muscle innervated by an artificial nerve 
branch from the ulnar nerve, 239 days after formation of an artificial nerve branch A small 
nerve bundle is cut obliquely, and nerve fibers are seen passing between the muscle fasciculi 
Appearance of muscle, normal Ranson pyridin silver stain, paraffin section, X 430 
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end of the nerve biandi may be closed off 01 blocked by connective 
tissue, and neurotization prevented While this is theoretically possible, 
it has not occuned in oui expenments However, should this con- 
tingency anse, the neive branch may be cut at the point of implantation 
and reimplanted into the muscle at a highei level The artificial nerve 
bianch at this time would contain neuraxes If it is then cut at the 
point of implantation, neuraxes are ready to glow at once into the 
muscle at the site of the fresh implantation without waiting for down- 
growth from the mam nerve tiunk to take place The time interval 
for ingrowth into the muscle is thus diminished, and neuraxes may 
stream into the muscle before scar tissue can block them 

In selecting the point on the neive trunk for suture of the artificial 
nerve branch, it would perhaps be preferable, on general physiologic 
grounds, to choose a level near which muscular branches formerly came 
oft for the supply of the muscles to be inneivated, though any level 
may be used and neurotization obtained If an artificial muscular 
branch is to be made for a muscle foreign to a given nerve, a point 
should be selected, so far as possible, some distance fiom the other 
branches of the main nerve, so as to allow for rearrangement of the 
nerve fibers within the neive trunk If this piecaution is followed, 
there will be less likelihood of serious interfeience in the peripheral 
distribution of the nerve used Obviously, it is possible that the func- 
tion of the mam trunk may be mterfeied with, and a definite paralysis 
may result, even if due regard is had for the funicular anatomy as it 
is now known But there aie only a few nerves in which the funicular 
arrangement is definitely determined a great distance from the point at 
which the muscular branches are given off , for example, the funiculus to 
the pronator radii teres and flexor carpi radiahs which can be traced cen- 
trally m the median nerve as far as the union of the outer and inner 
heads Yet in most nerves, there is a surplus of nerve fibers, and numer- 
ous internal nerve plexuses for rearrangement of the fibers, so that the 
possibility of a definite paralysis may be diminished though it should 
always be borne in mind The possibility of an additional partial paral- 
ysis is a point against the method which I wish to stress, and it is also 
important to point out that with due regard for the neural anatomy 
and delicacy in technic such paralyses may be reduced to a minimum 
In all, five dogs were used in our experiments The musculo- 
cutaneous nerve was cut immediately after its formation The central 
end was then tied with silk to prevent outgrowth of neuraxes, and, as 
a further precaution, the central end was implanted into the pectoralis 
major muscle The site of the implantation was doubly closed by 
suturing the muscle over the opening in two layers At the termination 
of the experiment, the musculocutaneous was stimulated centrally, and 
in no instance was there any response in the biceps or even m the 
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pectoialus majoi, showing that regeneration and ingiowth from the 
musculocutaneous to the biceps had not taken place, probably owing to 
the fact that the end of the nerve was tied off 

In some instances m pievious experiments, it was found that the 
biceps muscle maj leceive a branch from the median nerve, this apparent 
anomaly is to be expected if the fact is realized that the musculo- 
cutaneous m its development at one tune was but a branch of the 
median and that the median may take over a pait or the whole of the 
supply of the musculocutaneous To prevent any such branch from 
supplying the biceps, a careful dissection was made along the biceps 
and the median ner\e, and the median neive was isolated and stimulated 
throughout to determine the presence of any such branch In one 
instance, this branch was found, and it was treated in the same manner 
as the musculocutaneous, that is, the blanch was cut, tied and buried 
elsewhei e 


PROTOCOLS 

Experiment 1 (Nov 2, 1921) — A medium si7ed black French poodle was 
used The nerves on the inner side of the arm above the elbow were exposed m 
the usual manner When the median nerve was traced, there seemed to be 
two branches, one on either side of the brachial arterv These were traced 
beneath the artery, where they united at the biceps tendon and passed m the 
direction taken by the median nerve The dissection of the biceps was made 
to make sure that no branches entered from either the median, ulnar or the 
musculospiral nerve 

The ulnar nerve was isolated m the middle third of the arm, and an adjacent 
skin branch, 3 cm long, was freed and cut after a waxed silk suture had been 
passed at either end The method of treatment of the musculocutaneous and 
the technic of the suture were described above 

Comment — It was extremely difficult to suture the central end of the free 
nerve segment because the ulnar was extremely small, however, a partial nerve 
crossing was done satisfactorily The dog died after twenty-four days T e 
biceps presented the typical appearance of denervated muscle No electrica 
tests were performed because the dog was found dead 

Experiment 2 (Nov 3, 1921) — A brown bulldog, with white on its neck 
was used The nerves on the inner side of the aim were exposed m the usua^ 
manner Dissection was made to make sure that no abnormal branches entere 
the biceps Treatment of the musculocutaneous and the technic of suture were 
those previously employed The point of implantation was 1 cm below the P°j^ 
of entrance of the musculocutaneous into the biceps When the I fj jSC j 1 
cutaneous nerve was incised, a larger vessel was cut, and considerable ee ' 
was encountered When the sutures were inserted at the point of imp an a ^ 
a small vein was transfixed Unfortunately this caused much bleeding a 
point of implantation The dog was killed, March 23, 1922 139 days a 

beginning of the experiment , an( j 

A dissection was made of the operative region, the biceps was expose^ ^ 
the artificial nerve branch readily seen from its origin on the radia °. tJ g et j 
the ulnar nerve to the site of implantation The musculocutaneous was a ^ 
centrally and traced to the point where it was embedded in the pectora i 
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The musculocutaneous nene was stimulated by a fnradic current of various 
intensities No response was obtained in the biceps or m any other adjacent 
muscle The median nerve was then isolated and stimulated No contraction 
was obtained in the biceps, thus ruling out the possibility of the presence of 
am abnormal branch to the biceps The ulnar nene was isolated centrad to 
the origin of the artificial ner\e branch On stimulation, the biceps contracted 
forcibly, as well as the ulnar musculature The nerve was then stimulated 
below the origin of the artificial nerve branch, and contraction was obtained 
in the normal peripheral distribution of the ulnar nerve Stimulation of the 
artificial branch resulted in a quick response in the biceps The biceps muscle 
appeared normal 

Specimens were removed uid placed m ommoniated alcohol 
Experiment 3 (Nov 5, 1921) — A large white bulldog was used The technic 
was the same as that employed m the former experiments throughout A 3 cm 
segment was cut, and the suture of the ulnar nerve was made along the radial 
border of the latter The site of implantation into the biceps was on the 
superficial surface, just below the point at which the musculocutaneous entered it 
Comment — Both the implantation and the suture were satisfactorily done 
There was no bleeding, and good results were expected The dog was killed, 
July 20, 1922, 256 days after the beginning of the experiment 

A clean dissection was made of the operative field, exposing the nerves as 
they arose from the brachial plexus The musculocutaneous, median and the 
musculospiral nerves were isolated and stimulated separately Contraction 
occurred in the normal distribution of the median and musculospiral , but no 
contraction occurred in the biceps on stimulation of the musculocutaneous No 
response was obtained in either the biceps or the pectoralis major, into which 
it had been implanted after being tied off 

The ulnar nerve w'as then stimulated centrad to the origin of the artificial 
nerve branch Contraction of the biceps was rapid and complete, causing rapid 
and quick flexion of the forearm Stimulation of the branch itself also caused 
contraction to the biceps No contraction was noted in the peripheral distri- 
bution of the ulnar on stimulation of the artificial nerve branch Stimulation 
of the ulnar nerve above and below the artificial nerve branch resulted in con- 
traction m the peripheral distribution 

The biceps muscle appeared normal m size and reddish There were no 
fibrillations, and no yellowish color, such as is seen in denervated muscle 
The specimen was removed and placed in ammomated alcohol 
Experiment 4 (Nov 23, 1921) — A large black woolly haired dog was used 
The same technic was employed as in the foregoing experiments The dog 
was extremely fat, and considerable difficulty was encountered throughout the 
operation There was considerable bleeding, and the central union of the nerve 
segment was not very good 

The dog died after thirty -one days The muscles presented the typical 
appearance of denervated muscle The point of union of the nerve segment 
with the ulnar and biceps was readily seen, and there was very little scar tissue 
The dog died during the night , no electrical stimulations were done 

Experiment 5 (Nov 30, 1921) — A large tan and white hound was used 
The technic throughout was identical with that employed in previous experi- 
ments There was very little bleeding, and the suture point was satisfactorily 
eternuned The implantation into the biceps was made on the under surface of 
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the biceps The whole operation was satisfactory, and good results were 
expected The animal was killed, July 27, 1922, 239 days after the beginning 
of the experiment 

The operative field was exposed m the usual manner, and the nerves isolated 
as thev arose from the brachial plexus Stimulation of the median, musculo- 
cutaneous and musculospiral caused no contraction of the biceps The 
musculocutaneous had been implanted into the pectoralis major after it had 
been tied off, and no contraction took place in the pectoralis major on stimu- 
lation of the musculocutaneous 

The artificial ner\e branch from the ulnar to the biceps was readily seen 
Stimulation of the ulnar nerve ccntrad to this branch caused contraction of 
the biceps Stimulation of the artificial nerve branch caused contraction of 
the biceps Contraction in each instance was forcible and caused flexion of the 
forearm Stimulation of the ulnar nerve above and below the artificial nerve 
branch caused contraction in the peripheral distribution of the ulnar nerve The 
biceps muscle appeared normal in sire and of the normal reddish color No 
fibrillations were seen Specimens were removed and placed in ammoniated 
alcohol 

CONCLUSIONS 

1 When musculai branches are destroyed and nerve suture is 
impossible, paralyzed muscle may be innervated by the formation of an 
artificial nerve branch 

2 When a free nerve transplant is sutured to the nerve trunk and 
the distal end implanted directly into the muscle, the free nerve trans- 
plant serves as a conduction path from the nerve trunk to the muscle 

3 An artificial nerve branch may be made for a muscle from a 
nerve trunk which normally supplies the muscle, or, if this nerve trunk 
is totally destroyed, a branch may be made from an adjacent nene 
Thus a muscle may be brought under the domain of a nerve which never 
supplies it normally, for example, the biceps may be supplied by an 
artificial branch from the musculocutaneous, or, if the musculocutaneous 
is destroyed, it may be innervated by an artificial bianch from the ulnar 
or median nerve 

4 Evidence that paralyzed muscles may be neurotized by an arti- 
ficial nerve branch was shown by electric stimulation of the artificia 
nerve branch, resulting m a rapid and quick contraction of the nl ^ lSC ^ e ’ 
by the normal size and color of the muscle, and by the histologic fin mgs, 
which revealed normal stnations m the muscle fibers The presence o 
nerve branches and nerve fibers m the muscle thus innervated is cor 
elusive evidence that neurotization has taken place 

SIS Park Avenue 



PRESERVATION OF THE FACIAL NERVE IN THE 
RADICAL TREATMENT OF PAROTID TUMORS * 

ALFRED W ADSON, MD, and WILLIAM O OTT, MD 

ROCIILSTER, MINN 

Since in our experience facial paralysis has been a common sequela 
following the removal of malignant tumors of the parotid, we present 
herewith a description of oui technic in removing the malignant parotid 
gland with the preservation of the facial neive We do not advise this 
radical procedure for simple encapsulated mixed tumors of the parotid , 
but we are in accord with Sistrunk m urging early diagnosis and early 
operation m such cases However, we believe that there is need for 
a surgical procedure which will permit the complete removal of the 
parotid gland when these tumors have broken through their capsules 
into the parotid tissue It must also be borne m mind that this radical 
operation should be performed if there is any doubt concerning 
metastasis from the encapsulated tumor into the parotid gland Surgical 
measures should be instituted before the metastasis becomes so exten- 
sive as to break down the parotid gland and invade the cervical lymph 
glands, as it is extremely difficult to preserve the facial nerve when the 
lines of cleavage have been destroyed In one case we found that the 
facial nerve had been invaded by malignant cells, producing a facial 
paralysis which made preservation of the nerve impossible This 
emphasizes the fact that it is better to err on the side of safety by 
completely removing the parotid gland when m doubt concerning the 
malignancy of an apparently benign mixed tumor, than to perform 
an incomplete enucleation, leaving malignant tissue, with a broken 
capsule 

Volkmann 1 believes that these tumors of the parotid are endo- 
theliomas rising from the endothelium of the blood vessels and 
lymphatics Da Costa 2 classifies them as endotheliomas and says 
that he has removed one such tumor from the tonsil, two from 
the nasopharynx, one from the superior maxilla and two from the 
parotid body He emphasizes the point that it is not possible chmc- 

* From the Section on General and Neurologic Surgery, Mayo Clinic 

* Read before the Western Surgical Association, Minneapolis, Dec 8. 1922 

1 Volkmann R IJeber endothehale Geschwulste, zugleich ein Beitrag 
zu den Speicheldrusen und Gaumentumoren, Deutsch Ztschr f Chir 41 1-180, 
1895 

2 Da Costa, J C Modern Surgerj, Ed 8, Philadelphia, W B Saunders 
Company, 1919 p 427 
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ally to distinguish with certainty these endotheliomas from ordinary 
sai comas Fraser 3 asserts that mixed tumois originate from the 
glandular structuie of the salivary glands, and m his article, based on 
the experimental production of the neoplasm in the submaxillary gland 
of the dog, he concludes that mixed tumors arise fiom the ducts of 
adult glands and that injury causing partial obstruction of these duets 
probably plays an important part in the production of the tumors 
New 4 believes that, since it is impossible to demonstrate any close 
connection, either grossly or microscopically, between the salivary gland 
and the tumoi, they r piobably do not arise from the glandular sub- 
stance, particularly since the tumor, in its mcipiency, is surrounded by 
a definite capsule and appeals to be situated superficially on the sur- 
face of the gland He believes also that if trauma to the ducts of the 
parotid gland is a causative factor, it should be more common m the 
submaxillary region than in the parotid, since the submaxillary ducts 
are moie commonly affected by salivary calculi and acute and chronic 
inflammatory conditions than are the parotid gland and Stenson’s duct 
Certain pathologists believe that they originate from fetal rests in the 
parotid which are encapsulated and which gradually grow Wilson and 
Willis, 5 after a study of tumois of this type, obtained from operations 
m the clinic, concluded that they are mesotheliomas Still others 
believe them to be carcinomas and basal-cell epitheliomas The tissue 
on the interior of the capsule of such tumors varies, a few being com- 
posed chiefly of epithelial elements, others have a large amount of 
fibrous tissue, while in others tissue resembling cartilage seems to pre- 
dominate It is not unusual to find all three of these tissues represented 
in the same tumor Such tumors are not confined to the parotid alone, 
but are found m the larynx, pharynx, palate, upper lip, sublingual 
legion, cheek and submaxillary regions In New’s series of sixty- 
eight cases, fifty of the tumors were of the parotid, one of the larynx, 
four of the pharynx, three of the palate, three of the upper bp, ° ne 
of the cheek, one of the sublingual region and five of the submaxillary 

Mixed tumors of the parotid constitute a very small percentage o 
malignant tumors of the body Sistrunk 6 found that they occurred in 
0 062 per cent , or one m every 1 607 patients who were examine in 

3 Fraser, A Mixed Tumors of the Salivary glands A Study Based 
on the Experimental Production of Neoplasm m the Submaxillary a n 
the Dog, Surg, Gynec &. Obst 27 19-39 (July) 1918 

4 New, G B Mixed Tumors of the Throat, Mouth and Face, J A 

75 732-735 (Sept 11) 1920 , 

5 Wilson, L B, and Willis, B C The So-Called Mixed Tutno 
the Salivary Glands, Am J M Sc 143 656-670, 1912 

6 Sistrunk, W E Mixed Tumors of the Parotid Gland, Minnesota J- 
4 155-160 (March) 1921 
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the Mayo Clinic fiom 1915 to 1919 The incipient growth is a pain- 
less, small round, or irregular, firm tumor in the parotid legion, and 
is usually discoveied accidentally If the tumor is left alone, the 
extent of its growth varies In some instances, it is rather rapid, in 
others, the tumoi does not seem to change m size for a number of 
yeais But, soonei oi later, it enlaiges to a noticeable size, and the 
patient is then likely to consult a physician Such tumors may exist 
for years (forty m one case) or only foi a few weeks, but when they 
take on new growth the problem becomes serious, for soonei or later 
the capsule will break and the paiotid gland be invaded As long as 
the tumor remains encapsulated, it is not highly malignant , but when 
its capsule is ruptuied through growth, or through an incomplete 
operation m which the entue tumor is not removed, invasion of the 
surrounding tissue soon takes place, and the giowth becomes highly 
malignant Sistrunk emphasizes the importance of early diagnosis 
and early operation in cases of incipient tumors He says that com- 
plete removal of the growth at this stage will be followed by per- 
manent cure m practically every instance We concur fully m this, 
but we wish to emphasize the importance of complete removal of the 
parotid gland if there is any possibility of not being able to make a 
clean enucleation of an apparently benign tumor, or if there is any 
evidence of an extension of the tumor through the capsule into the 
parotid gland, rathei than waiting for recurrence Radium is, no 
doubt, of distinct value m treatment, but its effects do not compare 
with surgical measures in the treatment of these tumors, since they 
are not highly malignant at the outset 

OPERATION 

Sistrunk calls attention to the importance of exposing the facial 
nerve before removing an encapsulated tumor of the parotid gland 
He locates the facial nerve by first isolating the mframandibular 
branch of this nerve as it runs along the angle of the jaw and over 
the facial vessels He then follows the mframandibular branch upward 
through the substance of the parotid gland to the point where the 
facial nerve divides into the temporal and cervical branches The lower 
lobe of the parotid is then elevated, and the finger introduced between 
the parotid and the nerve He further asserts that the surgeon may 
feel sure that enucleation is being carried on m a plane lying above 
the nerve, and, although a temporary paralysis generally occurs from 
trauma to the nerve, it usually disappears within a year We have 
found that it is possible to carry the dissection of the temporal and 
cervical portion of the seventh nerve through the parotid and on the 
muscles of the face by elevating the remaining portion of the parotid 
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gland and dissecting the neive away from the gland This is possible 
by making an additional incision downward from the zygoma, just in 
front of the eai, but behind the parotid gland The incision intersects 
the curved incision that has been made to identify the mframandi- 
bular blanch of the seventh neive The latter incision extends from 
3 cm upward and postenor to the lower tip of the mastoid process 
and runs 2 cm below the lower border of the mandible, ending 4 cm 
anterior to the angle of the jaw After this incision has been made 





Fig 1 — Incision for the removal of the parotid gland 

through the skin, the inframandibular branch of the seventh nerve 
should first be exposed and then dissected upward until the tempore 
and cervical divisions of the facial nerve are exposed The ^ isse ^j° n 
should then be carried from above downward m the line of the in ^ is ’ 
from the zygoma, and should be deep enough to expose the man i » 
the temporal vessel and the postenor border of the masseter nius ^ 
At first this dissection should be made through a narrow e 
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avoid injury to the temporal branches of the facial nerve, until one is 
able to connect this surgical field with that exposed by the cervical 
incision described above The next step is a dissection of the cervical 
and temporal divisions of the seventh nerve through the parotid It 
is surprising to learn that the facial nerve penetrates the lower lobe 
of the parotid only for a distance of approximately 2 cm , after which 
the nerve lies underneath the parotid on the muscles of the face 
From this point, the parotid together with the skin may be elevated, 



Fjg 2 An elevation of the inferior lobe of the parotid exposing the 
facial nerve with it, main divisions and the supramandibular branch 


leaving the peripheral branches as they lie undisturbed on the facial 
muscles The dissection is then carried forward sufficiently to elevate 
all of the parotid, and, when this is completed, Stenson’s duct is 
hgated and divided and the parotid gland removed from the skin If 
a skin area is involved, the involved area may be removed with the 
malignant mass The deep lobe of the parotid which lies posterior and 
mesiad to the ramus of the mandible is removed by gently elevating 
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the facial none outwaid and dissecting out the parotid gland which 
lies mesiad to it The exposure obtained bv the foiegomg procedure 
facilitates complete lemoval of all parotid tissue with any imolved 
skin that may be piesent, without soering 01 injuring the facial nenes 
1 he dissection must be done gently, and traction should not be exerted 
on the none noi should it be handled with heavy forceps It can be 
elevated gently and the neive ti unks may be lifted with dural forceps, 



Fig 3 — The facial nerve passing through onty a small portion of tl‘ c 
parotid after which it lies oil the muscles underneath the parotid gland 


care being taken to apply the forceps to the perineurium Occasional!)) 
slight difficulty is encountered in handling the temporal artery, as d 
lies just m front of the ear, under the border of the parotid gland, an( 
passes downward and inward underneath the temporal and ceruca 
divisions of the seventh nerve Caution should be exercised to keep 
the incision made from the zygoma downward close to the cart) ag 
of the ear, and to carry it just m front of the tragus down to 
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lobule, curving it backward and upwaul to meet the incision which 
extends from the mastoid below the mandible, thus avoiding any 
neciosis which might take place fiom a too pointed flap of skm just 
below the ear A better exposuie is obtained if a few of the fibers of 
the sternomastoid are divided on the anterioi bolder at the mastoid 
attachment Gentle ti action on the lobule of the ear in an upward 
and backward direction facilitates exposure of the facial neive The 



Fig 4 — Preservation ot the facial nerve during the removal of the posterior 
lobe of the parotid 

wound is closed with a subareolar stitch of catgut and with a dermal 
stitch of horsehair Drainage can be employed at the lower angle of 
the cervical wound if necessary Every precaution should be taken 
to avoid sepsis or unnecessary hemorrhage by carefully preparing the 
field with iodm and plugging the external auditory canal with sterile 
absoibent cotton after the external ear has been prepared with iodm 
T he bleeding of the skin and parotid can be diminished by injecting 
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a weak solution of epmephrin along the line of the incision Post- 
opeiative care is the same as that advised for patients on whom dis- 
sections of the neck and face have been performed (Figs 1, 2, 3 and 4) 

SUMMARY 

Early diagnosis and early and complete enucleation are advised for 
encapsulated tumois of the parotid gland, but, if metastasis to the 
gland has occurred, radical removal should be carried out with preser- 
vation of the facial neive The facial nerve should be sacrificed only 
if metastasis and necrosis have become so extensive that it is impossible 
to demonstiate the lines of cleavage 



THE TREATMENT OF BRAIN ABSCESS BY THE INDUC- 
TION OF PROTECTIVE ADHESIONS BETWEEN 
THE BRAIN CORTEX AND THE DURA 
BEFORE THE ESTABLISHMENT 
OF DRAINAGE 

CHARLES E BOWMAN, M D 
Assistant Professor of Surgery, m Charge of Neurologic Surgery, 
Emory University School of Medicine 
ATLANTA, GA 

Although medical literature is replete with reports of isolated cases of 
brain abscess with recovery, the percentage of recovery would doubt- 
less be distressingly small were the full reports of all such cases made 
known In reviewing the literature, one is impressed with the lack of 
uniformity of technic in the operative treatment of brain abscess, as 
well as with the lack of emphasis placed on certain fundamental 
principles, the observation of which is essential m order to obtain a 
reasonable degree of success 

In 1920, Lemaitre 1 called attention to the importance of walling 
off the subarachnoid space in the treatment of brain abscess Since 
the publication of his article, I have adopted the method described 
below, which has been used with a degree of success sufficient to 
warrant its publication 

There are two complications in the treatment of brain abscess which 
are responsible for most of the poor results , namely, meningitis and 
bram fungus Meningitis results, as a rule, from the contamination of 
the subdural and subarachnoid spaces at the time of, and subsequent to, 
the establishment of drainage of the abscess , and brain fungus occurs 
when a too extensive opening has been made m the skull and dura 
The contamination of the subdural and subarachnoid spaces can be 
largely prevented if adhesions between the bram cortex and dura are 
induced before permitting the free evacuation of the abscess cavity This 
can be readily accomplished provided the technic described below is 
rigidly adhered to After these protective adhesions have been formed, 
free drainage can be accomplished without fear of meningeal con- 
tamination, a principle which has been recognized for many years m the 
treatment of abscess of the liver, lungs, etc 

1 Lemaitre, F Walling Off the Subarachnoid Spaces Its Application to 
the Treatment of Cerebral and Cerebellar Abscesses of Otitic Origin and Also 
m a General Way to Surgerv of the Brain, Ann Otol , Rhinol &. Laryngol 
29 1 (March) 1920 
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Biam fungus can haidiy occur unless an opening is made m the 
skull and dura, of a sue sufficient to allow the bram to protrude If 
the necessary opening is made just large enough to permit the entrance 
of the exploung needle and for the small drains to follow, the brain 
meets a natrnal bairiei instead of an opening and cannot, therefore, 
escape 

TECHNIC OF OPERATION 

Befoie selecting the point of attack, every reasonable method for 
accurate localization should be used An enhance through contaminated 
aicas (frontal smus 01 mastoid) should be avoided for two reasons 
Fust, the diagnosis of abscess may prove wrong, second, the abscess, if 
piesent, may not be reached with the exploung needle By taking this 
piecaution, the danger of producing an infection of the cranial contents 
will be obviated 

The incision should be just long enough to peimit the entrance of 
a perforatoi and small bui 1 It should be made as nearly as possible 
ovei the suspected site of the abscess After a small opening has been 
made through the skull, the dm a is incised, the incision being just long 
enough to assure the operator that a cortical vessel will not be injured 
by the exploring needle An ordinary stiaight ventricular puncture 
needle, with centimeter mai kings, is then inserted m the direction of 
the suspected abscess As soon as the abscess is reached and a few 
drops of pus have escaped into a sterile test tube, the needle is with- 
drawn slightly until the pus ceases to appear The exact depth and 
direction of the needle are then calculated 

The pievention of the free escape of pus at the time of operation 
cannot be too strongly emphasized In the first place, a contamination 
of the wound is to be avoided, a condition which can hardly be pre- 
vented if the pus is allowed to escape freely through and around the 
needle In the second place, the thorough evacuation of the contents of 
the abscess at this time may relieve the increased intracranial pressure 
to such an extent as to allow the brain cortex to lose its firm contact with 
the dura at the point of incision and to peimit infection of the neigh- 
boring meninges Such a spread of the infection can be prevented i 
the cortex becomes firmly adherent to the dura around the dural opening 
before free drainage is established 

After the depth and direction of the abscess have been calculated, t ie 
needle is entirely withdrawn, and a small filiform dram of foce 
rubber tissue is inserted down the track of the needle m the direction o , 
but not mto, the abscess The wound is then covered with a proper y 
fitted dressing, which is not changed for two or three days 
this time, the rubber tissue wick, acting as a foreign body, stimu ates 
formation of adhesions between the bram cortex and the dura, orir ” » 
a well-defined ring around the dram At the first dressing, ten 



DOWMAN — BRAIN ABSCESS 


749 


may be inserted into the abscess 1 Ins usually causes very little drainage 
unless the pus is under great tension Two days later, the second 
dressing may be performed, and a second small rubber tissue wick 
inserted down the track along the side of the first The dressings may 
then be changed daily, for by this time the protective adhesions are 
widespread and firm enough to permit the gradual enlargement of the 
drainage track by means of additional small wicks of rubber tissue 
Within a week or ten days, it is safe to withdraw these wicks and to 
substitute a drainage tube (preferably the eye portion of a No 10 
English rubber catheter) down the well-formed drainage track into the 
abscess Usually, free drainage does not take place until tube drainage 
is established The dressings from this time may be performed as 
frequently as desired, the tube being removed and cleansed if suspected 
of being clogged with exudates No undue haste m permanently 
withdrawing the diam should be practiced As long as there is 
any drainage whatsoever, the tube should be kept m situ and only 
removed permanently when all evidences of the infection have subsided 
It is a safe practice to leave the tube inserted for a week or ten days 
after active drainage has ceased, and gradually withdraw it by daily 
shortening It may be two or three months before the drainage tube 
may be dispensed with, although the average case does not require such 
a long time 

REPORT OF ILLUSTRATIVE CASE 

The following case of a small series has been selected to illustrate 
the value of the method of treatment described above 

HISTOR\ 

M D, aged 17 years, referred by Dr C A Thigpen of Montgomery, 
Alabama, was admitted to the Piedmont Sanatorium, July 28, 1922 June 27, the 
patient first consulted Dr Thigpen, whose letter concerning her condition is 
as follows “On the evening of June 27, she was brought to me m a prostrate 
condition What attracted attention at first inspection was a closed right eye 
with much edema and exophthalmos, the typical picture m children of acute 
fronto-ethmoiditis Temperature was 103 F, pulse 120 I operated without 
delay, making a brow incision The right frontal sinus was small but 
filled with thick creamy pus and some granulations At the same time, I 
removed the anterior end of the right middle turbinate, broke down the anterior 
ethmoid cells and established free communication with the frontal cavity Relief 
was prompt, the temperature and pulse gradually returning to normal , headaches 
ceased, and, on the ninth day, she was able to leave the hospital About a week 
later, she began to have increased temperature and a return of the headaches, 
necessitating the reopening of the frontal wound and the curetting away of the 
granulations The wound has been kept open ever since The improvement was 
again prompt and continued so until three days ago when she went into a state 
of collapse, with slow pulse, cool extremities, etc At this time, the optic disks 
uere beginning to show evidence of increased intracranial pressure I, therefore, 
have made a diagnosis of brain abscess” She had suffered from fairly constant 
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headaches, excepting for a few days following the operations, since the onset of 
the present illness 1 hej had been located principally m the right frontoparietal 
region Vomiting, projectile m character, had occurred several times during 
tlie preceding week Double vision, lasting two days only, had occurred five 
days previously, but was not present at the time of examination Three or four 
attacks of dimness, momentary in duration, had occurred during the previous 
two weeks, causing her to grasp an object to keep from falling, and had been 
relieved by lying down The family history was unimportant, except for arrested 
lung trouble” m the mother The patient had had influenza five years previously, 
the usual diseases of childhood, and tonsillitis, four years previously 

NIUROIOGIC EXAMINATION 

Head — There was an operation scar, with a small discharging sinus (muco- 
purulent), on the right side of the bridge of the nose, slight, though definite, 
dilatation of the veins over the right frontal region , slight edema of the upper 
eyelids, more marked on the right than on the left The veins of the upper 
right eyelid were quite prominent Both eyes showed a mild degree of exoph- 
thalmos, more marked on the right than on the left 

Cranial Nctvcs — The retinal veins were greatly engorged The optic disk 
was completely obliterated, presenting the picture of a recent, though definite 
choking The same conditions obtained on the left as on the right, though to 
a less marked degree There was a moderate degree of photophobia on both 
the right and left sides No changes wmre found m the visual fields The pupils 
were equal, and reacted to light and m accommodation All external eye move- 
ments were well performed, except when the patient looked to the extreme left 
There was no mstagmus Voluntary and emotional movements of the face 
were slightly sluggish on the left, as compared with the right All other cranial < 
nerves functioned normally 

Co chum — There was a fine tremor of the outstretched fingers of the right 
hand, and no disturbance of memory, except in regard to the recent operation, 
concerning which the patient had no clear remembrance There was no frank 
disorientation The patient was right-handed There was no aphasia, no 
uncinate gyrus symptoms, and no hemianopsia No convulsions, either general 
or localized, had occurred There was no paralysis nor weakness of the various 
groups of muscles of the extremities on the right or left Slight weakness o 
the left facial muscles was observed Ankle clonus was not obtained either on 
the right or left No sensory disturbances were observed on the right or e 
There was no astereognosis or disturbance of joint sense 

Ceiebellum — No asynergia was demonstrated on the right or left There 
was no nystagmus 

Reflexes — The abdominal and epigastric reflexes were active and equal on 
the two sides The arm reflexes and knee jerks were hyperactive on tie rig 
and highly exaggerated on the left The Achilles jerk was hyperactive on ^ 
right and highly exaggerated on the left Babinski, Gordon and Qppen ie^ 
reflexes were absent on the right and left Kermg’s sign was absent on 
right and left 

Sphincters — There was no disturbance of the sphincters 

GENERAL EXAMINATION ^ 

Genoa l Condition — At the time of examination, the pulse was 64, the 
pressure systolic, 98, diastolic, 50, and pulse pressure, 48 
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U> inalysts —The reaction was acid , specific gravity, 1 014 Albumin, sugar 
and mdican were absent Numerous epithelial cells, a fair number of pus cells 
and an occasional red blood cell were demonstrated in a noncatheterized 
specimen 

Blood —Examination revealed hemoglobin, 80 per cent , erythrocytes, 
4,250,000 , leukocytes, 8,900 Differential count polymorphonuclears, 69 per cent , 
small mononuclears, 30 per cent , transitionals, 1 per cent 

COMMENT 

The development of symptoms and the finding of increased intracranial 
pressure subsequent to a verified suppurative fronto-ethmoiditis were strongly 
suggestive of brain abscess The headaches on the right, the greater choking 



Fig 1 — Lateral view of skull with grooved director passed through the 
opening in the skull, down the drainage track into the abscess 


of the right optic disk than of the left, the fine tremor of the outstretched 
fingers of the right hand, the exaggerated deep reflexes on the left, and the 
slight weakness of the left facial muscles suggested that the most likely site of 
the abscess was the right frontal lobe 

OPFRATION 

Under local anesthesia, induced by 1 per cent procam-epmephrm solution 
infiltration, an incision, 2 cm long, was made along the hair line in the right 
midfrontal region The opening into the skull was accomplished with a per- 
forator and small burr ^n incision, 0 5 cm long, was made m the dura 
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Through this small opening, a straight ventricular puncture needle was passed 
through the cortex of the brain, downward, slightly forward and mediad At a 
depth of 3 cm , a slight resistance was encountered, which was interpreted as 
being the capsule of the abscess, or possiblv the dura overlying an epidural 
abscess The needle was gently pushed through the resistance, and pus escaped 
under great pressure In spite of the immediate withdrawal of the needle, 10 cc 
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Fig 2 — Postero-anterior view of skull, with the grooved director p assed 

through the opening m the skull, down the drainage track into the absce 

of pus had escaped into a sterile test tube before the ^ „ aS 

withdrawing the needle A small filiform wick of folded^ ^ ^ ^ the 
then inserted down the track of the needle, to the cap continuous 

abscess The edges of the scalp wound were whipped o ^ appl , ed 

c a tgut m order to control hemorrhage and a plain gauze d 
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DIAGNOSIS 

There was a large abscess at the base of tbe right frontal lobe, 3 cm below 
the corte\, at the site of the incision The pus was thin and greenish Culture 
revealed Staphylococcus aniens The brain was under greatly increased tension 

COURSE 

July 29, 1922 The dressing was changed, but the drain was not disturbed 
Practically no drainage had occurred, and the general condition was good 
July 31 The dressing was changed, and a drain was inserted for 0 5 cm , 
causing an immediate escape of a moderate amount of pus The temperature 
and pulse were normal There was no evidence of meningitis and no change in 
the disks The headaches were not so severe, but they had not been completely 
relieved 

August 2 The dressing was changed Drainage had saturated several 
thicknesses of gauze, but the flow was not free The drain was manipulated 
slightly but was not changed The condition of the patient was excellent 
August 4 The dressing was changed A slightly larger rubber tissue wick 
was substituted for the one inserted at the time of operation Drainage was 
satisfactory, though not very free 

August 5 to 9 Daily dressings were performed Drainage was fair but 
not abundant 

August 10 The drain was removed, and a grooved director was inserted 
through the drainage track into the abscess As soon as this was done, fully 
30 c c of pus escaped A roentgenographic examination was made with the 
director inserted into the abscess (Figs 1 and 2) The director was withdrawn, 
and a very small rubber catheter dram was inserted into the abscess 

August 12 There was no drainage The tube was removed, and a No 10 
English rubber catheter drain was inserted, causing immediate free drainage 
August 13 to 24 Daily dressings were performed Abundant drainage had 
occurred, which had gradually become less and less The patient had no 
symptoms 

August 25 to September 17 The dressings were changed every three or 
four days At each dressing, the tube was shortened slightly Practically no 
drainage had occurred The tube was removed completely, September 17 

September 24 The patient was discharged from the hospital The wound 
was healed All symptoms and neurologic findings were absent Her condi- 
tion was excellent 

October 4 A letter from Dr Thigpen was received to the effect that the 
patient was in excellent condition and apparently cured 

COMMENT 

This case is reported fully because it is a typical illustration of what 
should be expected in most cases of single abscess of the brain, when the 
abscess can be located with the exploring needle Large openings into 
the skull and dura with the immediate establishment of free drainage, 
I believe, are responsible for the majority of poor results m this type 
of lesion, as the development of meningitis and brain fungus are to be 
expected under such conditions If preformed adhesions between the 
dura and cortex are present, immediate drainage might be effected with 
safetv Such a condition, however, is rarely encountered, except m 
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cases of abscess following injury caused by some foreign body If 
protective adhesions are not already present, they should be induced 
before free drainage is established 

Decompiession m cases of bram abscess is particularly to be con- 
demned As soon as the increased intracranial pressure under such 
circumstances is relieved by decompression, there is a tendency for the 
abscess to be dislocated m the direction of the decompression, thereby 
promoting further destruction of bram tissue, which should not occur if 
the abscess is drained through a very small opening m the skull 
78 Forrest Avenue 



PRIMARY LYMPHOSARCOMA OF THE PROSTATE 


DOUGLAS SYMMERS, MD 
Director of Laboratories, Bellevue and Allied Hospitals 

NEW YORK 

In the pathologic laboratories of Bellevue Hospital, I have recently 
studied a primary tumor of the prostate with the characteristic structure 
of a lymphosarcoma With the exception of an almost identical growth 
recorded by Coupland, 1 1 have been unable to find an acceptable descrip- 
tion of another primary lymphosarcoma of the prostate in the literature 
However, these two cases are so clearly defined that they remove all 
doubt as to the possibility of lymphocytic tumors’ arising in the prostate 
It remains to be shown by future investigation just how common such 
tumors are I suspect that they are not so rare as the literature would 
indicate, and, indeed, I believe that lymphosarcoma should always be 
considered a possibility in patients under 35 years of age with pros- 
tatic tumors The recognition of this type of growth m the prostate 
is peculiarly important in view of the favorable results that have been 
recorded by the roentgen-ray and radium treatment of lymphosarco- 
mas in other parts of the body 

Coupland’s case was that of a man, 29 years of age, who complained 
of pam at the point of the penis and an almost constant desire to mic- 
turate, passing only a few drops of urine at each time The urme 
contained a large quantity of pus Rectal examination was painful and 
revealed almost uniform enlargement of the prostate, which was film 
but not very tender 

At necropsy, it was found that the bladder resembled a small cone 
with a broad base The cavity was not much larger than a walnut and 
the bladder walls were thickened to the extent of about one-half inch 
(127 cm) The prostate was the seat of a new growth which was 
ovoid, and measured, internally, 8 inches (20 3 cm ) m circumference 
and 3% inches (8 9 cm ) in length The growth was fleshy m con- 
sistency and surrounded the neck of the bladder and the prostatic 
urethra The pancreas was fibrotic, and, at a point corresponding to 
the junction of the head of the organ with the body, the glandular 
substance was replaced by an ill-defined, translucent, pale yellow nodule 
a ou * ^ le Slze of a filbert and of fleshy consistency The right supra- 
renal was enlarged to about twice the normal size and was uniformly 
trated by grayish yellow, semitranslucent, fleshy tumor material 

Coupland Tr London Pathological Society , 1877, p 179 
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The histologic description of the tumor in the prostate, suprarenal 
and panel eas is that of a typical lymphosarcoma and was so accepted 
by the Morbid Growths Committee of the London Pathological Society 
1 he illustration which accompanies Coupland’s paper can scarcely leave 
any doubt as to the correctness of this interpretation 



Fig 1 — Low-power photomicrograph of the growth m the f ° one 

huge numbers of lymphocytes arranged m small islands, separated 
another by delicate strands of connective tissue 


REPORT or CASE factory 

Htstoiy — A man, aged 30, born m Denmark and from who^ j ,j 
history was no. obtained, was admitted March 22 , ,JS . ad0 , is s,„„ „ 

ZCZ ZZSZZ ZZ i -“.TndLa, lateh. he had become 
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obstinately constipated He likewise complained of a sharp pain in the region 
of the left kidney that radiated downward in the direction of the corresponding 
iliac fossa He, moreover, stated that it was frequently necessary for him to 
void urine and that, on one occasion, he had great difficulty m passing it for 
a period of several days 



Fig 2 — High-power photomicrograph of the prostatic growth 


-Eratimtafton — The urine revealed nothing abnormal other than a small num- 
ber of pus cells Roentgen-ray examination of the region of the left kidney 
failed to reveal the presence of a shadow suggesting a stone The Wassermann 
reaction was negatne with both antigens The blood count showed 4,200,000 
red cells, 70 per cent hemoglobin, 12,800 white cells of which 81 per cent 
"ere polymorphonuclear leukocytes and 19 per cent ljmphocUes 
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Four days after admission to the hospital, cystoscopy was attempted, but 
the instrument would not pass the prostatic portion of the urethra and the 
effort was abandoned 

Neaopsy — The body was 168 cm in length The region of the prostate 
was occupied by a growth that measured 9 cm m diameter and 7 cm in length 
It surrounded the posterior urethra and was continuous with the lower third of 
the bladder, m which locality the walls of the bladder were thickened to the 



Fig 3 — Low-power photomicrograph of infiltrating hordes of lymphocjt 
the cortex of the kidney 


extent of about 1 cm and, on section, presented a pale smooth, crea ^ 

surface The thickening of the bladder wall gradually 'saPP about 

viscus ascended into the pelvis, so that at the fundus the fun dus 

normal The bladder was dilated, measuring 12 cm iron tr g ^ ^ 
The mucous membrane was swollen and presented numerou g 
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velvety-looking, faintly reddish splotches The prostatic growth presented, on 
section, a perfectly smooth, cream colored or whitish appearance The sub- 
stance was fairly friable The seminal vesicles could be seen embedded in 
and compressed by the growth Laterally, the growth invaded the psoas 
magnus muscle on both sides The rectum was not involved Strewn along 
the front of the spine on both sides, from the brim of the pelvis upward 
as far as the level of the pancreas, were numbers of large and small 



Fig 4— Low-power photomicrograph showing lymphosarcomatous infiltra- 
tion of the walls of the ureter 


rounded, o\al or flattened nodules, some of which were discrete, others fused, 
that presented, on section, much the same appearance, to the naked e\e, as 
the tumor in the prostate The testicles wrnre unchanged The left kidney was 
considerable, enlarged Projecting beneath the capsule were a dozen or" more 
small cream colored elevations Similar bodies were found deep in the medul- 
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lary portion near the pelvis The unner third nf 

dilated by fluid The ureters on both sl des ran dirMt^through' 'thM ^ 
masses of cream colored tumor tissue u . „ , ough the large 

5i=sr St r “ ~ 



Fig 5 — Low-power photomicrograph showing lymphosarcomatous infiltra- 
tion of the tissues around the suprarenal capsule 


faintly brownish in color Under the pleura on the left side, corresponding 
to the upper border of the fifth rib in the midaxillary line, was a small oral 
cream colored nodule The pleura covering it was intact, as was the border o 
the rib against which it lay The remaining organs showed nothing worth) 
of note in the present connection 
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Anatcnmc Diagnosis — This was massive ljmphosarcoma of the prostate, 
with extensive infiltration of both psoas magnus muscles, and compression of the 
seminal vesicles, bilateral neoplasmic infiltration of the retroperitoneal lymph 
nodes and of both kidneys, with dilatation of the ureters and periureteral neo- 
plasmic infiltration, neoplasmic infiltration of the liver, solitary metastatic 
deposit in the left parietal pleura 





Fig 6— Low-power photomicrograph showing extensive ljmphosarcomatous 
nnasion of the perilobular connectne tissues of the liver 

Histology — Microscopic examination of the primarj growth m the prostate 
retealed the presence of \ast numbers of small round cells presenting the histo- 
logic characteristics of hmphoc\tes Tor the greater part, the cells were grow- 
uig ch (fusel \ but m places thej were arranged m small islands separated from 
one another In delicate strands of connectne tissue (Fig 1) Careful scrutim of 
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microscopic sections from the original growth, as well as from its secondary 
deposits, failed to reveal the slightest indication of glandular formations In 
other localities, the histologic structure of the tumor differed in no essential 
particular from that of the prostate, although insular formations were not to 
be seen, the cells growing diffusely 



p, g 7— Low-power photomicrograph illustrating neoplasmic destruc 
the psoas magnus muscle 

COUMLN 1 

The belief that tumors composed of lymphoid cells may 
prostate has been challenged on the ground that the pros a 
L organ whose fibromuscular stroma does not norm y of 

phocvtic tissue It is maintained that the small round 
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the piostate are in reality carcinomas, the cells of which have become 
so altered as to resemble lymphoid cells, and that careful seaich will 
eventually disclose m some part of all such growths a return to the 
glandular arrangement by which these epithelial tumors of the prostate 
are characterized I am unable to subscribe to this new It has been 
shown that the prostate belongs to the so-called auxiliary lymphoid 
system, that is to say, that, with the suprarenal capsule, thyroid, lung, 
liver, kidney, testicle and other organs, the prostate normally contains 
interstitial lymphoid foci, which, in ordinary circumstances, are likely 
to be overlooked, but, m certain conditions of disease, aie readily identi- 
fied There is no apparent reason why a tumor of lymphoid cells should 
not spnng from such a focus in the prostate, nor, indeed, why any one 
or all of the other members of this group of organs should not react 
similarly That they do not more commonly give rise to lymphocytic 
giowths is to be explained by the fact that the lymphoid rests m them 
aie numerically insignificant and that they are functionary dormant, 
undergoing hyperplasia only m unusual circumstances, whereas the 
follicles of the lymph nodes and spleen, tonsils, gastro-mtestmal tract, 
etc , are geographically distributed m such fashion as to serve as filters, 
in which capacity they are constantly engaged m the process of com- 
pensatory regeneration and hence are frequently subject to disturbances 
of cell equilibrium 
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Pulmonary embolism is a condition frequently encountered in 
clinical practice The picture varies from symptoms produced by 
multiple small emboli lodged in the lung periphery, to symptoms result- 
ing from massive blocking of one or both pulmonary arteries In the 
case of small emboli, though severe chest symptoms often result, the 
patient usually recovers, while in massive blocking it is commonly 
believed that death ensues either immediately or within a few hours 

That massive pulmonary embolism may occur without disastrous 
effects on the general circulation was first shown by Lichtheim 1 Two 
years later Welch' demonstrated that ligation of the cu dilation to 
one entire lung may be accomplished without effect on the systemic 
blood pressure — an observation confirmed later by Plumier 3 and also 
by Gerhardt 4 Tigeistedt 5 corioborated and extended these obseiva- 
tions, showing, by means of the stromuhr, that occlusion of half of 
the pulmonary circulation deci eased only slightly the minute volume 
output of the left ventricle Mann G supported this evidence by making 
intravenous injections of wax and clots into dogs until the pulmonary 
circulation was largely obstructed, without affecting either blood pres- 

* From the Laboratories of Physiology Harvard Medical School 

1 Lichtheim Die Storungen des Lungenkreislaufes und ihr Einfluss aid 
den Blutdruck, Inaug Dissert , Berlin, 1876 

2 Welch, W H Zur Pathologie des Lungenodems, Virchows Arch f 
path Anat 72 375 (March) 1878 

3 Plumier, L La circulation pulmonaire chez le chien, Arch internat tie 
physiol 1 176, 1904 

4 Gerhardt, D Expenmentelle Beitrage zur Lehre vom Lungenkreislati 
und von der mechamscher Wirkung pleuntischer Ergusse, Ztschr f khn e 
55 195 1904 , Zur Lehre von der Hypertropbie des rechten Ventrikels, re i 
exper Path u Pharmakol 82 122 (Oct) 1917 

5 Tigerstedt, R Ueber den Lungenkreislauf, Skand Arch f Ph}S ]0 

14 259 ’ 1903 r F.ncr 

6 Mann, F C Pulmonary Embolism An Experimental Study, J 

Med 26 387 (Sept ) 1917 
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sure or respiration Dunn, 7 in 1920, was able to inject 15 c c of starch 
into the jugular vein of goats anesthetized with ethyl carbamate 
(urethan), weighing from 20 to 30 kg, without producing any effect 
other than a pronounced dyspnea Histologic examination of the lungs 
of Dunn’s animals showed “that the degiee of obstruction of the pul- 
monary arterioles is very great ” 

More recently Underhill, 8 employing, m addition, a Schafer 9 pul- 
monary cannula, has made somewhat similar observations on cats with 
both open and closed chests He reports that under artificial ventila- 
tion (chest open) ligation of the left pulmonary artery causes an 
average rise m pulmonary arterial pressure of about 40 per cent 

The experiments cited show clearly that a large part of the pul- 
monary circuit may be blocked without causing a fatality There is, 
however, no direct evidence as to the exact amount of obstruction 
required 

Our investigation was undertaken at the suggestion of Dr C K 
Drinker m an attempt to observe the effect of graded pulmonary 
arterial occlusion upon the systemic and pulmonary blood pressures and 
to note possible variations m lung ventilation The heart preparation 
which we employed was that lecently devised by Drinker 10 — a prepara- 
tion which affords easy access to, and control over, the heart and all 
the great vessels m a normally breathing animal, and permits experi- 
mentation m this region under conditions more closely approaching 
the normal than has heretofore been possible 

TECHNIC 

The animals employed were cats , ethyl carbamate, in the majority 
of the experiments, being the anesthetic used Because of the possible 
depressing effects of this drug upon the respiratory center, a few control 
experiments were performed under ether, but so far as the experi- 
mental results are concerned there was no essential difference 

The operative technic may be briefly summarized as follows 
Undei aitificial respiration an oval area m the chest wall, immediately 
over the heart and roughly corresponding to its size, is removed, and 
hemostasis obtained The pericardium is then incised longitudinally 

7 Dunn, 1 S The Effects of Multiple Embolism of Pulmonary Arterioles, 
Quart 1 Med 13 129 (Jan) 1920, The effects of Multiple Pulmonary Embo- 
lism, J Plnsiol fProe Plnsiol Soc ) 53 5 (Ma\) 1919 

8 Underhill, S W F An Imestigation Into the Circulation Through 
the Lungs,, Brit M J 2 779 (No\ ) 1921 

9 Schafer, E S A Comement Method of Recording Pulmonary Blood- 
1 ressure, Quart I Exper Plnsiol 12 133, 1918-1920 

10 Drinker, C K \ Useful Heart Method 1 Exper Med 33 675 (Tune) 
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and the cut margins ate sewed to the edge of the chest wall with inter- 
rupted sutures The air imprisoned m the chest cavity is then aspirated 
and the pleural cavity tendered an -tight Negative mtrathoracic pres- 
sure having thus been lestored, artificial respiration is stopped, and the 
animal is permitted to breathe naturally In one instance an animal, 
prepared m this manner and maintained under complete anesthesia 


R'ilHlMsimg 



Fig 1 — Clamp A, used for compression of the pulmonary artery and lts 
left branch 

on a warm table, lived through the night and was used for experiment 
the next day — a period of more than eighteen hours 

As a rule, the pulmonary artery bifurcates just inside the peri 
cardium, hence it is easy to slip a ligature around the left 
Clamp A, illustrated m Figure 1, is then adjusted Its r,gh * b . 
base rests lightly against the artery, and the ligature is threa 
the clamp as shown m the illustration Another ligature is thei 
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around the whole pulmonary artery just above the bifurcation, thus 
allowing a sufficient length of the artery to permit insertion of the 
pulmonary cannula without impinging upon the pulmonic valves In 
passing this ligature some sharp dissection is often necessary as the 
aorta and pulmonary artery are frequently bound firmly together The 
pulmonary artery ligature is next threaded into a clamp similar to 
that controlling the left branch This arrangement enables the operator, 
by the manipulation of a thumb screw, to compress the whole pulmonary 
artery, its left branch, or both, and, if he desires, to release the 
compression 

The pulmonic cannula 11 is then inserted into the mam artery just 
below the angle formed as it bends posteriorly toward the lulus of the 
lungs As a final step, a glass oncometer, covered with a very fine 
rubber dam, is slipped into place A stitch, taken previously m the 
apex of the heart, is led through the oncometer tube and, with the 
aid of a needle, is passed through the rubber tube connected with 
the recording lever The heart is thus held snugly in place within the 
bell of the oncometer All of these adjustments are easily made after 
completing the operative procedure described and can be accomplished 
without the use of artificial respiration 

The tracheal cannula (Fig 2) is then connected through the arms 
A and B (C and D being shut off) with the inspiratory and expiratory 
Tissot valves The arms C and D, the inflow and outflow lines, respec- 
tively, connect with the artificial respiration pump Arm E is tied 
into the trachea When artificial respiration is m use, A and B are, 
of course, closed The expired air of the animal escapes through a 
T-tube into the room or may be collected and accurately measured m 
a delicately balanced spirometer Thus, the volume of respired air is 
easily determined at any time during the experiment 

The systemic blood pressure is recorded from the femoral or from 
the carotid artery m the usual way Both systemic and pulmonary 
cannulas are connected with manometers by means of rubber tubing 
filled with 8 per cent sodium citrate solution — the systemic cannula 
u ith a mercury manometer, the pulmonic cannula with a delicate mem- 
brane manometer The respiratory rate is recorded by means of a 
pneumograph placed either on the upper abdomen or on the low er thorax 
of the animal 

Figure 3 illustrates the clamp (Clamp B) employed in producing 
giadunted partial compression of the pulmonary artery The bar A-B 
i* passed beneath the arten resting lightly against its inferior surface, 

11 Swift \\ c Haggirt G E and Drinker C K \ Xew Method for 
Mc-mn-mg the Pressure in the Pulmonan Arterj 1 Exper Med 36 329 (Sept ) 
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the vessel being placed m the center to allow for lateral expansion in 
both directions The plunger C is then screwed down until it just 
touches the superior wall of the artery Readings on the scale (which 
is adjustable) give the external diameter of the artery and the zero 
from which the compression readings begin 

At the end of each experiment, the plunger was screwed down 
until the artery was occluded The corresponding scale readings were 
then noted and interpreted m terms of a curve developed from a series 
of calculations made from an elastic rubber tube In developing the 
curve the rubber tube was compressed gradually, and at various points 
inked impressions of its end were stamped on paper This resulted 
in a series of diagrams showing change m shape and area of the tube 
during progressive compression A measurement of these diagrams 
made it possible to compute the area of the opening during any degree 
of compression by the formula, O = 7ri 2 -|~ 2 il, m which O is the 
area of the opening at the point of compression , r, the radius of the 
lateral curvatures of either side of the compressed tube , and l, the 
transverse distance across the artery from the end of one curved edge 
to the beginning of the other The calculations so obtained have been 
plotted in terms of percentage, the degree of compression against the 
percentage decrease in radius 

EXPERIMENTS 

The left pulmonary artery was completely occluded sixteen times 
m a series of thirteen cats, for periods varying from three to fifteen 
minutes (with one compression of seventy-two minutes) Records 
were made of the resulting changes in systemic and pulmonic blood 
piessures, in the cardiac output and m the rate and volume of respira- 
tion These changes are presented in Table 1 and may be summarized 
thus 

Blood P)cs<nt)c w Ihc Pcmoial Aitery — The average pressure 
before compression was 70 5 nun of mercury, the range being from 
44 to 110 mm The application of compression was without immediate 
effect on the pressure level Subsequently, and usually within the first 
minute of the experiment, the piessure altered somewhat In nine of 
the twelve cases recorded this alteration was a rise, but in no instance 
did it exceed a 14 2 per cent variation 

Blood Pi cosine in the Puhnonat y Aitci y — In the fifteen cases in 
u Inch this measurement was recorded, the aierage pressure preceding 
compression uas 14 mm of mercurj, the range being from 9 to 23 mm 
In all instances except one, m u Inch no change occurred there was 
an abrupt rise m pressure when compression was applied, but in onl\ 
three cases was this rise greater than 33 per cent (50, 83 3 and 100 
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per cent , respectively) In the remaining twelve records the average 
change was only 16 9 per cent, or 2 7 mm The average for the 
fifteen determinations was 29 per cent During compression the 
tendency seemed to be toward a return to the control pressure, especially 
in those cases m which the shift had been least extensive Compres- 
sion release was usually without marked results in decreasing the 
pulmonary arterial pressure 

Caidiac Dilatation — In nine of the sixteen instances, the oncom- 
eter record showed no cardiac dilatation whatever at any stage of the 
compression In six of the remaining seven a very slight dilatation 
occurred immediately upon the application of compression, but in all 
except two of these — in which dilatation lasted until compression was 
removed — the heart returned to its control size (in from ten seconds 
to two and one-half minutes) before the pulmonary block was 
released The only case of severe permanent dilatation occurred m a 
heart which had been previously weakened by a temporary occlusion 
of the entire pulmonary artery In this instance compression release 
did not cause the heart to return to its normal size 

Caidiac Minute Volume — In fifteen instances, the biventricular 
output before compression ranged from 210 to 900 c c , the average 
being 628 c c per minute delivered m 168 strokes of approximately 
4 c c each In six of the experiments, no change whatever took place 
during compression In another seven, there was a permanent decrease 
m volume that averaged 116 per cent and in no case exceeded 23 8 
per cent This decrease was accomplished more often by a diminished 
output for each beat than by a diminution of rate, though the lattei 
sometimes occurred In one experiment, there was a minute volume 
increase of 5 8 per cent In another (Experiment 2 B, Table 1), we 
obtained a temporary decrease in minute volume accompanying some 
degree of cardiac dilatation, with a return to normal after a compensa- 
tory period of increased output 

Tidal An — With the exception of two unusual cases in which the 
figures of 734 and 5 990 were obtained, the three-minute volume of 
tidal air befoie compression, with vagi intact, ranged from 1,260 to 
2 348 c c The average m the ten cases without vagal section was 
2 137 c c In e\ery instance, collections taken during the period of 
compression showed an increased tidal air This increase varied from 
I 9 to 62 6 per cent, was below 12 per cent three times, above 35 
per cent once and aceraged 25 7 per cent Collections made from one 
to three minutes after compression release showed a return toward 
tlie control figures m e\er\ case In twel\e of the fourteen cases in 
vhicli the respirators rate w r as determined, the acerage rate before 
compression was 3o 6 per minute, and after compression 35 4 per minute 
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—an increase of 5 4 pei cent , which seems insufficient to account for 
the increased tidal air without premising an accompanying increase in 
respiratory depth 

Table 2 lllustiates the striking reaction secured by adding a brief 
but almost complete occlusion of the pulmonary artery to permanent 
compiession of its left bianch The results vary with the severity 
of the compression applied , but it will be noticed that while the femoral 
blood pressure falls sharply to about one third of the control level— 
an average variation of 63 per cent — the pulmonic pressure rises from 
121 to 267 per cent , that the heart dilates severely and usually per- 
manently, its minute volume decreasing from 15 to 66 per cent , and 
that respuation becomes lrtegular and stops If the application is 
brief enough, the systemic pressure will again rise, respiration will 
recommence, and the animal will live for some time 

Figures 4 and 5 record typical results secured by compression of 
(a) the left pulmonary arteiy and (b) the entire pulmonary artery 
Both of these tracings aie taken from Experiment 9, the details of 
which aie given herewith 


REPORT or EXPERIMENT 


Experiment 9 — Oct 23, 1922, a cat weight 2 7 kg at 9 a m, was given 
6 75 gm of ethyl carbamate by stomach tube At 11 05 a m, the operation 
was finished with chest tight and with ligatures placed around the left pul- 
monary artery and around the pulmonary arterj just mesial to its bifurcation 
The ligature" clamps and the cardiometer were adjusted, a cannula was 
inserted into the pulmonary artery, and arrangements made for recording the 
rate of respiration and femoral blood pressure At 11 41 a m, a control collec- 
tion showed the tidal air to be 1,260 c c in three minutes 

At 11 50 a m, the left pulmonary artery clamp was tightened and the entire 
blood supply of the left lung thereby suddenly and entirely obstructed 

The result is illustrated in Figure 4 Tracing 1 is the oncometer cord, and 


reveals alteration neither m the size, rate nor stroke delivery of the heart 
Tracing 2 represents the abdominal respiration and shows an increase in rate 
following compression of from 30 to 35 per minute Tracing 3 shows a femora 
blood pressure of 62 mm of mercury, which rises after compression to a 
sustained level of 64 mm Tracing 4 is the pulmonary blood pressure, and, m 
this instance, presents on compression a mean pressure rise of from 
19 mm of mercury Marks on the base line of this tracing signal events 
the experiment Tracing 5 is the time clock marking one-second intervals 
An air collection made at this juncture gave a three-minute total of 1, 
an increase over the control of 34 5 per cent 

At 11 56 a m, after a five-minute occlusion of the left pulmonary * r . 
the ligature about the pulmonary artery was tightened The occlusion, w 
was almost complete, was loosened at the end of thirty-one seconds ^ cwg 
The results of the latter procedure are illustrated m Figure k j 

numbers here have the same indications as those w notlc ed that 

shows the application of pressure , Mark 2, its remova 
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(a) The heart dilated sharply and the stroke output decreased markedly 
(689 to 437 c c ) One minute after compression was released, the dilatation 
was becoming less, and the minute volume was compensatorily great (792 c c ) 
In another minute the cardiac size was as in the control, and the minute volume 
had returned to normal (648 c c ) 

( b ) Respiration became irregular, ceased entirely, and did not begin again 
until compression had been removed for thirty-seven seconds 



Fig 4— Record show mg absence of anj reaction following compression of 
the left pulmomn arterj (Experiment 9) Tracing 1, oncometer record of heart 
Nolume, Tracing 2 respiration, Tracing 3, sjstemic blood pressure, Tracing 
4 pulmonic blood pressure Tracing 5, one-second intervals Mark 1 on the 
base line of Tracing 4 signals the application of compression 

(<) \ erv shortlv after the ligature was tightened the femoral blood pres- 
ure fell quite ahrupth from 52 to 16 mm of mercurv At this level it con- 
tinued until compression was released when it rose to its former level m 
approwmatelv seventv seconds 
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( d ) The pulmonary blood pressure rose verv suddenly from 15 to 37 mm 
of mercury, the up-stroke being limited by the interference of the systemic 
base line Before compression was removed it had fallen to 18 mm of mercury, 
owing probably to failure of the right heart as a result of coronary anemia 
After removal it fell to 11, and ninety seconds later it again rose to 28 mm of 
mercury, where it remained 

At 12 03 p m , a collection showed that the three-minute tidal air had 
increased to 2,10S c c At 12 04, compression was removed from the left pul- 
monary artery At 12 08, the tidal air had fallen to 1,913 cc At 12 09 the 
animal was bled to death from the femoral and pulmonary arteries Examina- 
tion showed the ligatures to be in the positions indicated 

In one experiment in this series (Experiment 3), forty-five minutes after 
pressure was applied the heart had not dilated, the pulmonary arterial pressure 


TABLE 3 — Effect Upon the Sistemic and the Pulmonic Arterial Pressure 
of Graduated Partial Compression of the Pulmonara Artery 



Systemic 
Blood 
Pressure, 
Mm Hg 

Pulmonic 
Blood i 
Pressure, | 
Mm Hg ; 

C udinc ^ 
Size 

Bi\en 
triculnr 
Minute 
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Respiratory 
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30 




talion 



At 62-GO% compression 

18 

14 

Sharp diln 

77 

30 



1 

tntion 



1 xperimcnt -0 


' 




W ithout compression 

60 

17 1 

Normal 
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30 

At 60% compression 

44 

17 

Dilatation 

672 

30 

At 62-60% compression 

12 

34 

Dilatation 

101 

Irregular and 
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1 \penment J5 


1 




Without compression 

48 

10 



48 

At 60% compression 

38 

11 ' 



48 

At 62 66% compression 

12 

12 



Inegul lr ind 






stopped 


remained at its control level, the femoral pressure had only fallen 12 per cent , 
and though the cardiac output had decreased 30 per cent the tidal air was 
but 10 per cent less than the control Shortly after this, the lung ventilation 
began to decrease quite rapidly With this change the femoral pressure fell , 
the heart dilated, and in an hour and twelve minutes the cat died 

These and similar experiments show not only that there are no 
immediate results of vital consequence from occlusion of the left pul- 
monary artery but also that secondarj' changes are extremely slow in 
making their appearance 

Our work with graduated compression of the pulmonary artery in 
four cases is summarized in Table 3, and Figure 6 gives a tracing from 
Fxpenment 19 Mark 2 on the record is the point wdiere occlusion 
i eached 60 per cent and mark 3, wdiere it reached 65 per cent In 
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thebe fom expenmenls the piessure levels were unchanged at 55 per 
cent , a slight leaction occurred at 60 per cent, and the end-point, 
marking the rapid onset of death, occurred on the average at 64 per 
cent — the range being from 62 to 66 per cent In the remaining 
thiee cases this end-pomt occuried with this degree of occlusion 
64 per cent , 55 pei cent and 52 per cent Figure 7 records the stnk- 
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Fig 6— Record showing effect of graduated partial compression of the^ , 
monary artery (Experiment 19) Tracing 1 .oncometer ^recorc l rite* £ 

Tracing 2, respiration, Tracing 3, systemic blood pressure Tr. g ^ q{ 
blood pressure, Tracing 5, one-second intervals Mark 2 on ^ 

Tracing 4 signals compression of the arterv amounting 60 P ^ tfais an)m al 
Mark 3 signals 65 per cent occlusion— the point of heart f 

mg results obtained m Experiment 26 The 

occluded three times with exactly the same a failure 

applied m exactly the same manner, and ffl each 
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occurred when 55 per cent of the artery was shut off Following 
release of the clamp aftei the first and second compressions, the heart 
diminished m size, and the systemic blood pressure again mounted to 
a level slightly below the control At this point the procedure was 
again repeated, but following release of the clamp for the third time 
the respnation failed to begin, the heart remained dilated, and the 
animal died 12 

COMMENT 

These experiments were undertaken to determine the reactions of 
the greater and lesser circulation and of the respiration to partial and 
to complete pulmonary arterial block, a condition, as here presented, 
quite analogous to pulmonary embolism in man The technic described 
has provided experimental conditions more closely approaching those 
existing m the normal animal than it has heretofore been possible to 
secure In consequence, we believe the results may be regarded as 
indicative of the circulatory reaction to be expected m a case of 
pulmonary embolism 

The experiments fall into three groups (a) those m which the 
left pulmonary artery alone was compressed, ( b ) those m which the 
whole artery was suddenly occluded, and (c) those m which the whole 
artery was obstructed by graduated partial occlusion The latter work 
was done with the idea of ascertaining to what extent the total pul- 
monary circulation could be encroached upon before signs of general 
cardiac and systemic failure became evident 

(a) Results of Left Pulmonaiy Aitciy Compiesswn — In these 
experiments certain reactions, or, better, lack of reactions, were 
observed To begin with, dilatation as measured by the oncometer 
occurred m the heart itself m only seven out of sixteen cases In four 
of these it was very slight, and recovery occurred during the com- 
pression In two it was also slight, but recovery did not take place 
until the block was removed In the remaining case the dilatation was 
sharply marked, and without recovery In this instance, however, the 
entire artery had been compressed and released early in the experiment, 
and the heart was undoubtedly damaged The remaining experiments 
revealed no dilatation of the heart whatever In six out of fifteen 
cases, moreover, there was no alteration during compression of the 
minute volume output of the heart Of the other nine experiments, 
all except one show only a slight decrease (Table 1) So far, there- 
fore, as the entire removal of one half of the pulmonary circulation 
is concerned, the effect upon the heart is essentially nil This observa- 

12 In this experiment, between Mark 7, when conditions in the animal were 
not seriously abnormal, and Mark 8, when cardiac failure occurred, the lumen 
of the pulmonary artery was narrowed by 0 036 sq cm 



778 


ARCHIVES OF SURGERY 


tion is m entire accoid with that of Underhill," who sums up his 
experience thus “The healthy heart, therefore, can accommodate itself 
without difficulty to sending the same volume of blood through one 
lung only m a given time, as it previously sent through both ” 

As to the effect upon the pulmonary arterial pressure (Table 1), 
it will be obseived that in eveiy instance except one the pressure rose, 
usually lathei abrupth , the degiee of the rise varying m height, accord- 
ing to expei imental conditions, but a\ eragmg about 29 per cent During 
compression the tendency was toward a return to the control level 
Thus, the use in piessuie in the pulmonary artery following an embolus 
of its left branch w r as quite chstmct, and yet not sufficient to embarrass 
the heait action It is of interest to contrast these findings with those 
obtained by compi ession of the pulmonary veins In the latter experi- 
ments, the pulmonaiy artenal pressure rises sharply and to a height 
which fiequently is twice that recoided when the left artery is com- 
pressed Results of experiments of this type will be published later 

The effect on systemic blood pressure caused by sudden occlusion 
of the left pulmonary arteiy is shown in Table 1 In one out of 
twelve cases compression produced no change In nine of the experi- 
ments theie was an aieiage rise of 4 2 mm , while m the remaining 
two an aveiage fall of 5 5 mm occurred It is clear, therefore, that 
hah mg the pulmonaiy circuit has little or no effect upon the general 
systemic circulation 

The respiration, undei this procedure, shows a constant change 
The number of inspirations usually increases to a slight extent and 
their depth is greatei (direct obseivation) The total -ventilation shows 
a definite and, at times, a marked increase, the average rise being 
25 7 per cent 

The cause of this hyperpnea raises an interesting point It 'S 
doubtless due in part to the fact that one lung alone must now aerate 
the blood Dunn 7 is of the opinion that this hyperpnea is probably 
“brought about by reflex action, initiated by stimulation of sensor) 
nerve endings m the lungs” He cites experiments m which, with 
the vagi cut, extensive starch embolism was produced m goats The 
respiratory rate, however, remained quite unaltered 

To investigate this point, we carried out experiments in which tie 
left pulmonary artery was clamped before and after vagal section le 
resultant circulatory changes were essentially those already descri e , 
but there was a decided difference in the effect upon the vend ation 
After cutting both nerves, m one instance a previous increase o 
ner cent was reduced to 9 per cent , while in another experiment a 
increase of 20 per cent was replaced by a reduction m vend a ion 

30 net cent 
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These findings confiim those of Dunn 7 and make additionally 
justifiable the assumption that the vagus nerves are evidently an 
important link m causing the hypeipnea following pulmonary embolism 
It is also worth while to comment, in this connection, on the definite 
evidence presented of a “veiy consideiable reseive of vascular area 
m the lungs ” In our experiments the function of one entire lung 
is wiped out, and yet the general cu dilation is well maintained — at 
least, as Dunn adds, “foi the resting animal ” 

In summary, we may sa\ that an animal under ethyl carbamate or 
ether anesthesia can bear a sudden stoppage of blood flow in the left 
pulmonary artery — a condition analogous to that of embolism of the 
vessel in man — without any sustained effect other than some increase 
m the lespiratoiy ventilation and a rise of approximately 29 per cent 
in pulmonary arterial pressuie 

( b ) Results of Total Pulmonary Artery Compression — In this 
group of experiments in which the entire pulmonary circulation ivas 
suddenly blocked off, very marked changes in the lespiration and cir- 
culation were observed (Table 2) When the pulmonary circulation 
is entirely blocked, there results an immediate dilatation of the heart 
and a rapid diminution of its output The pulmonary arterial pressure 
rises sharply — on the average between 121 and 267 per cent — and 
then falls This occurs before the clamp is removed, presumably 
because of right ventricular failure dependent on insufficient coronary 
flow which results from a lowered systemic pressure The systemic 
blood pressure falls rapidly and, unless the compression is immediately 
removed, continues to drop until it reaches zero 

It is worth while pointing out that, following this compression, 
the fall m systemic blood pressure, as indicated by the sloping curve 
obtained (Fig 5), is not abrupt but is, on the whole, a rather gradual 
decline This occurrence is probably best explained as being due to 
the gradual feeding of the blood present m the lungs at the time of 
the arterial obstruction to the left heart through the mechanical act 
of respiration The final failure of systemic pressure is thus delayed 
m proportion to the volume of blood present m the lungs 

The effect of compression of the pulmonary artery upon respira- 
tion is immediately noted The breathing becomes irregular, soon stop- 
ping altogether, and usually fails to begin again even when the com- 
pression is promptly released Total sudden occlusion of the lesser 
circulation even when present only a 'few seconds, evidently, there- 
fore, entails such severe results that the animal is seldom able to 
recover This fact still holds even though, with the compression 
released, artificial respiration is begun and epmephrin gi\ en into the 
left side of the heart 
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Clinically these facts are borne out by the findings of Petren, 13 who, 
from an analysis of a series of patients dying of pulmonary embolism, 
is of the opinion that following embolic block of one pulmonary artery 
death does not always supervene, whereas in those persons suffering 
fiom eien tempoiaiy occlusion of the whole artery, the result is 
invariably fatal 

In brief, we believe the sequence of events leading to death from 
pulmonai y embolism to be a use of pressure m the pulmonary arterj r , 
dilatation of the light ventricle and a fall in systemic blood pressure, 
1 esultmg m malnouiishment ancl failuie of the right heart The 
lespiratory centei fails following the drop in systemic blood pressure 

( c ) Results of Givduatcd Pcvtial Comf» cssion of the Pulmonary 
A) toy — Up to this point the observations repoited are those made 
following occlusion, first of one-half and then of the whole pulmonary 
artei} To complete the study of quantitative occlusion of this artery, 
it was our aim to deteimme how much of it could be occluded before 
theie appeared any signs of cardiac failure, fall m blood pressure, 
etc — in other words, to discover to what degree the whole pulmonary 
circuit might be blocked off before symptoms developed which were 
at all comparable to those resulting from complete embolism of the 
artery To obtain such data, it was first necessary to devise means 
by which it would be possible to narrow the lumen gradually and, the 
diameter of the aitery being known, to measure accurately at any 
moment the degree of the occlusion This would enable us to determine 
the exact amount of compression applied when the recording mano- 
meters first gave evidence of an embolic effect Clamp B, illustrated 
in Figure 3, fulfilled these requirements 

The operative procedure was the same as that previously described, 
except that m the majority of the cases a ligature tied around the left 
pulmonary artery was substituted for Clamp A Experimental results 
with the left branch patent were essentially the same as those noted 
below When Clamp B was in position, the plunger was gradually 
screwed down, starting with a distance equal to four scale divisions, 
and then progressively increasing the compression, one unit at a time 
— a compression of one-fiftieth of an inch Following each incremen 
of compression, sufficient time was always allowed to make sure t 


there was no delayed after-effect 

In each experiment, this gradual narrowing of the pu mona 
arterial stream continued without obvious effect until a large part 
the total pulmonary artery was closed At this juncture there was 
definite endpoint Indeed, so sharply was it defined that further c < 


23 petren G Studien uber obturierende Lungenembohe als postoperative 
Todesurache, Beitr z klm Chir 84 606 (May) 1913 
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closure of one-fiftieth of an inch precipitated an immediate reaction 
When this endpoint was reached the heart dilated sharply, with a corres- 
ponding decrease in minute volume output, the systemic pressure fell 
rapidly at first and then more gradually, while the pulmonic pressure 
rose abruptly Respirations became irregular and soon ceased entirely 
The percentage occlusion of the artery which produced such a reac- 
tion m four of these experiments is strikingly similar — 66, 65, 64, and 
62 per cent , or an average of 64 per cent 

In the remaining cases the reaction occurred at 55 and 52 per cent 
occlusion The first of these is of particular importance and is illus- 
trated in Figure 7 The fact that exactly the same degree of occlusion 
could be provided, three successive tunes, and in each instance would 
bring about an abrupt and, if unrelieved, fatal reaction in the animal 
is of great interest and is the subject of further investigation m this 
laboratory Many factors must take part in inducing this type of 
cardiac failure As the pulmonary artery is narrowed, the amount 
of blood reaching the left ventricle finally becomes less and less Sys- 
temic blood pressure falls and with it the pressure m the coronary 
vessels At the same time the heart dilates, the muscle fibers are 
placed under increased tension and probably require additional oxygen 
for adequate contraction, instead of the reduced amount with which 
they are provided, owing to the lowered systemic blood pressure 
Furthermore, it seems probable that as dilatation advances the cardiac 
capillaries may suffer mechanical closure or reduction m lumma so 
that a further factor is added to the vicious cycle which arterial 
obstruction has initiated 

Postmortem Findings — In those experiments m which occlusion of 
the left pulmonary artery was maintained, a distinct, though n6t marked, 
difference in the appearance of the two lungs was noted The left 
lung, from which the blood was shut off, was definitely paler 
than the right, the latter presenting a faint pink blush, quite noticeable 
when contrasted with normal lungs This was particularly well demon- 
strated in the experiment on the animal m which the clamp was 
maintained m place for more than an hour In these findings we 
disagree with Underhill, who notes that the blocked lung, chest closed, 
is always more congested, while in an open chest experiment the 
opposite is the case 

It is interesting to note that when the pulmonary artery clamp was 
removed, following a period of compression, and blood was again 
allowed to flow through the lung, postmortem examinations showed 
the lung congested, a marked generalized reddish color — at times e\en 
a brilliant salmon hue — being visible The lung felt soggy, and a thin 
blood\ fluid oozed freely from the cut surface On section, the aheoli 
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were engorged with red corpuscles There w^as some edema This 
change we consider due to capillary damage, possibly resulting from 
a local alkalosis due to deprivation of carbon dioxid 

CONCLUSIONS 

1 In the method described, it is possible, m the normally breath- 
ing animal to produce partial or complete block of the pulmonary artery, 
the condition as here brought about being analogous to pulmonary 
embolism m man 

2 Clamping the left blanch of the pulmonary artery causes an 
immediate rise in pulmonary pressure, averaging about 29 per cent , 
and such a procedure causes no significant change m the general sys- 
temic pressure nor any significant variation in size of the heart, heart 
rate or heart output Ventilation, as measured by a spirometer, is, 
however, increased approximately 25 per cent , a moderate hyperpnea 
resulting 

3 Following total pulmonary occlusion a severe and immediate 
reaction sets in The heart dilates quickly and to a marked degree, 
the minute volume output becoming materially less The pulmonary 
pressure rises sharply — 121 to 267 per cent — and then gradually falls 
toward zero The systemic pressure begins to fall immediately and 
does not recover, while respirations become irregular and shortly there- 
after cease altogether 

4 Until from 52 to 66 per cent of the pulmonary circulation is 
cut off there is no significant variation m the general circulatory condi- 
tion of the animal The point at which failure occurs is sharply defined, 
since beyond this endpoint a circulatory collapse is precipitated by a 
minute increase in the arterial obstruction, but if this is not applied 
no untoward change results 



STUDIES ON THE CALCIFICATION OF CALLUS * 


EDWIN P LEHMAN, MD 

Instructor m Clinical Surgery, Washington University School of Medicine, 
Visiting Surgeon, St Louis City Hospital, Surgeon to 
Outpatients, Washington University Dispensary 
ST LOUIS 


In a previously published article, 1 1 reported the results of experi- 
ments which I had performed to determine the effect of variations in 
the blood phosphorus on the rate of calcification of callus in fractures 
These experiments were made on the basis of reactions in vitro and 
with recent work on rickets as a background , and they were entirely 
negative Continued interesting reports on experimental rickets have 
stimulated the present attempt to accelerate the calcification of fracture 
callus through the application of the factors that will influence the cal- 
cification of bone in that condition 

Workers on the vitamins lay stress on the fact that no good is to be 
expected from any superabundance of these substances in the dietary 
intake Deficiency alone is of significance In the presence of condi- 
tions brought on by deficiency, an addition to the diet of the particular 
vitamin concerned will result in a return to normal The fact that the 
ingestion of cod liver oil under such circumstances will result m a 
rapid deposition of calcium in calcium-deficient bones 2 suggests the 
possibiht)' that this power to influence the deposit of calcium might 
extend beyond the abnormal rickety state, in spite of the general rule 
mentioned above It was hoped that the effect might be the same in a 
condition in which there is equally a functional demand for calcium, 
namely, in the presence of a soft fracture callus 

It has been shown that, in animals fed on diets deficient in fat- 
soluble A, the deficiency state could be prevented from developing by 


*From the Department of Surgery, Washington University School of 
Medicine 

1 Lehman, E P Studies in Inorganic Blood Phosphate, J Biol ,em 
48 293 (Oct ) 1921 

2 Shipley, P G , Park, E A , McCollum, E V , S.mmonds N , an 
Parsons, H T Studies on Experimental Rickets, II The Effect of Co 

Oil Administered to Rats with Experimental Rickets, J Biol Chem 
(Tan) 1921 McCollum, E V, Simmonds, N , Becker, J E, an 1 ’ 

P G Studies on Experimental Rickets, XXI An Experimenta emon 
tion of the Existence of a Vitamin Which Promotes Calcium Deposi 10 , 

Johns Hopkins Hosp 33 229 (June) 1922 
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exposure to direct sunlight 3 In the present series of experiments, the 
effect of sunlight was also tested m the healing of fractures m the 
normal rat 

In a third type of experiment, the effect on fracture callus of each 
of these two influences in animals rendered somewhat rickety was also 
studied Diet 3143 of McCollum and his associates 4 was chosen This 
diet will produce marked rickets m young rats m from thirty-five to 
forty days and will not produce xerophthalmia It contains "proteins 
of good quality (about 33 per cent ) and about twice the calcium 
necessary for optimal growth and nutrition It is, however, low m 
fat-soluble A and below the optimum in its content of phosphorus ” 5 
Sunlight and cod liver oil, to the amount of 2 per cent of the weight 
of the diet, will each protect against the development of rickets The 
study of the healing of fractures m rickets was not intended , it was 
hoped only that, if the effect of these influences on callus was not 
demonstiable m normal rats, they might be shown to affect callus favor- 
ably if there was established a tendency toward the withdrawal of 
calcium from the bones For this reason, the preliminary period of 
feeding was limited to twenty-four days, and the animals were all 
killed at thirty-eight days Such animals did not show marked anatomic 
changes at death , but they were distinctly below the normal in weight, 
and their bone repair, as will appear, was less strong Unfortunately, 
the material for microscopic study of the epiphyses and callus was lost 

TECHNIC 

The white rat was employed because it is the animal for which the 
foregoing facts have been standardized Each experiment was con- 
ducted with a single litter, divided into control and experimental 
animals They were fed on the standard laboratory diet of corn, 
carrots, meat and dog biscuit, unless otherwise stated The left 
humerus was used for experimental fracture and the right for control 

3 Hess, A F , and Unger L J The Cure of Infantile Rickets by Sunlight, 
J A M A 77 39 (July 2) 1921 Hess A F , Unger L T , and Pappenheimer, 
A M Experimental Rickets in Rats, III The Prevention of Rickets in Rats 
In Exposure to Sunlight, J Biol Chem 50 77 (Jan ) 1922 Park, E A , 
Powers, G F Shipley, P G McCollum E V, and Simmonds, N Studies 
on Experimental Rickets, XIV The Prevention of the Development of Rickets 
m Rats by Sunlight, J A M A 78 159 (Jan 21) 1922 Clark, J H The 
Physiological Action of Light, Phjsiol Rev 2 277 (April) 1922 

4 McCollum, E V Simmonds N Shiplej P G and Park, E A 
Studies on Experimental Rickets, VIII The Production of Rickets bj Diets 
Low in Phosphorus and Fat-Soluble A, J Biol Chem 47 507 (Aug ) 1921 

5 McCollum, E V , Simmonds, N , Shiplej, P G , and Park, E A Studies 
on Experimental Rickets, XV The Effect of Star\ation on the Healing of 
Rickets Bull Johns Hopkins Hosp 33 31 (Jan ) 1922 
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The method of studying calcification by the roentgen ray is not sub- 
ject to even approximately accurate quantitative interpretation For 
that reason, a method of measuring the breaking and bending strength 
of the bones was employed It is assumed m this method that the 
rigidity and strength of the callus is proportional to the calcium 
deposited in the cellular matrix The apparatus illustrated in Figure 1, 
adapted from that used by Allison and Brooks, 0 was employed The 
bone to be studied was placed m the grooves (C) of the side bars (B), 
within the yoke (D) The bone was accurate’}' adjusted in exactly the 




Fig 1 — Apparatus for measuring bending and breaking strength of norma 

and fractured bones A, base plate with orifice for yoke, B, B, side bars, 

C, groove for bone (a corresponding groove exists on the side bar bro en awaj 
to’ show mechanism), D, yoke, with groove to fit over bone, E, E,J stop P os s - 

F, hook for sand bucket , G, bend-recording lever (ratio of 1 4) , H, gume * 

for lever, /, scale, K, cross-section of yoke at L to show edge where r\e 
is applied to bone, rounded to prevent cutting of callus 


same relation to the side bars and the yoke in each instance a 
was then added slowly to a light bucket, suspended from the hoo< ^ 
until breaking occurred Bending was indicated by movemen o 
lever (G) on the dial (/) m a ratio of 4 to 1 The amount of 
necessary to bend or break was recorded by weighing the san 

6~Alhson, Nathaniel, and Brooks, Barney Bone Atrophy, Surg, G > ne 
& Obst 33 250 (Sept ) 1921 
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A series of twenty-six rats was employed m working out the 
details and accuracy of this technic These preliminary experiments 
demonstrated that the method of placing the bone m the breaking 
machine is all-important As can be seen by the sketches, the humerus 
of the rat is marked by a prominent ridge, which extends from the 
head, about halfway down the bone In the control bones from each 
rat, the yoke was centered exactly at the base of this spur and the latter 
was made to he in the horizontal plane When so placed, results were 
sufficiently uniform to he within biologic limits At the conclusion 
of the experiments, three normal rats were studied as a final check on 
the method In each of these, the breaking strengths of both humeri 
were measured The results are shown in Table 1 Breaking of the 
normal bones always occurred sharply, without preliminary bending 
The problem of obtaining uniformity m measuring the strength of 
the callus of healing bone proved more difficult Fortunately, it was 


TABLE 1 — Breaking Strengths of Right and Left 
Humerus in Normal Rats 



Right, 

Left 

Percentage 

Rat 

Gm 

Gm 

of Difference 

1 

1 920 

2,080 

8 

2 

2 300 

2,190 

5 

3 

4 080 

3 800 

7 


found that by practice the bones can be broken at the same point m vivo 
in the vast majority of attempts The rats were anesthetized with 
ether and the bones snapped with the fingers Fortunately, also, it was 
found that the position assumed by the fragments is fairly uniform if 
breaking occurs at the usual site The lower fragment rides up along 
the spur of the bone, and angulation of about 15 degrees, or less occurs 
Bones healing in this position can be placed under the yoke uniformly, 
and the weight adjusted to the apex of the callus The only significant 
variation occurs when the angulation is more acute and the bone 
shifts position so that the force is applied at the inner point of the 
angulation Such readings have been discarded 

Figure 2 shows the method of recording each experimental fracture, 
and examples of the results obtained In each, the line across tne bone 
represents the line of fracture and the arrow the angulation of the lower 
fragment Numbers 15 and 17 represent the typical fractures, •with 
typical displacement Number IS is an example of an unusual line of 
fracture at the usual site with displacement so typical as to permit 
adjustment m the apparatus in such a manner as to bend and break the 
callus in the usual \\a\ Numbers 16 '"id 2R show t\mral positions of 
the fragments and angulation slighth in the reierse direction These 
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also were susceptible of accuiate measurement Number 21 is an 
example of an unsatisfactory result, which was discarded Here the 
fractuie is at an abnormal site, and sharply angulated 

When adding weight to healing bones, there is a slow bending, 
through an arc on the scale of 1 to 1 5 cm This bending is uniform at 
first Latei , it becomes more rapid, until it finally ends in the com- 
plete i upture of the callus 

After a total experience with about se\ ent\ -five rats, in all of which 
both humeri were studied, the method appealed sufficiently accurate to 
be of value for the ends desired 

The preliminary studies revealed that the most favorable stage in 
healing for lats of the age used (from 7 to 11 weeks, at the time of 
breaking the bones) was at fourteen days 

experiments* 

All of the experiments weie, therefoie performed in accordance 
with the following geneial scheme The litter was divided into control 



25 


Fig 2 — Typical and atypical lines of fractuie and angulation Compare text 

and expei imental animals The latter group was redivided in the 
different experiments, as indicated below If dietary modifications were 
to be made, these were carried out on the experimental animals for the 
specified time, at the conclusion of which the entire litter was anes- 
thetized and the left humerus of each animal was fractured If n° 
dietary modification were to be made, the breaking was done at the 
corresponding age The experimental animals were then subjected, for 
a period of fourteen days, to the various procedures to be detailed At 
the end of this time, the entire litter, control and experimental animals, 
were killed with ether Both humeri were dissected out, with care not 
to disturb the integrity of the bone or of the callus, and the breaking 
strength of each was measured The line of fracture and the angulation 
were recorded at the same time on diagrams, such as those reproduce 

As there was marked variation m animals of the same litter m the 
absolute breaking strength of the undamaged bone, expressed in grams, 
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the results can better be expressed in ratios, by dividing the breaking 
strength of the healing bone by the breaking strength of the undamaged 
bone This method has given results of fair uniformity in the control 
animals of each litter, as shown in Table 2 The greatest variation 
within one litter is seen to be 0 10 in Litter B It is to be noted here 
that the animals of Litter F, m which the most rapid healing occurred, 
were younger by two weeks than those of any of the other litters The 
high reading in Litter C was on a single rat 

Six litters were used, totaling fifty-two rats Of these, eighteen 
animals, including an entire litter, were discarded because of failure to 
obtain a satisfactory fracture In tbe discarded litter, m which the 
rats were two weeks younger than the youngest of the others, the 
breaking point in the bone occurred near the head , there was no dis- 
placement, and union was too far advanced at fourteen days to make 
the results comparable 


TABLE 2 — Results with Control Animals 



Age in Weeks at 




Average 

Litter 

Breaking Bone 

Rat 1 

Rat 2 

Rat 3 

Per Litter 

D 

11 

0 58 

0 56 

0 55 

0 56 

F 

7 

073 

0 76 

0 70 

0 73 

A 

9 X A 

0 67 

0 64 


0 64 

B 

9% 

0 56 

0 47 

0 57 

0 53 

C 

9 

0 73 



0 73 



General 

average, 12 rats 


0 64 

Control 

Rats Strength of fractured bone expressed in 

percentage 

of strength 

of normal bone 




When sunlight was to be employed, the rats were placed m the direct 
rays without interposition of glass during most of each afternoon, at 
least four hours daily and often six 

PROTOCOLS 

Percentages represent the relation of the breaking strength of the 
callus to that of the normal bones, as in Table 2 Diet 3143 wherever 
it occurs m these protocols, refers, as elsewhere in this paper, to the 
diet devised by McCollum and his associates 7 

I ON NORMAL DIET 

Litter D — Age at breaking of bones, 11 weeks, age at measuring strength 
of callus, 13 weeks 

Controls 3 rats, average, 0 56 

Sunlight (2 weeks) 3 rats, average, 0 53 

Normal Diet Plus Cod Li\er Oil 3 rats, a\erage 0 54 

7 Footnotes 4 and 5 
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Controls 3 rats, average, 0 73 
Sunlight (10 days) 3 rats, average, 0 62 


AiUWKMAl DIET 

Controls (normal diet throughout) 2 rats, average, 065 
Controls (Diet 3143 (rom age 6 , V « U ) ’ 2 r J/ a Z g c. 05) 



Fig 3 — Consolidated averages of experiments under normal dietary condi- 
tions Column 1, normal controls 12 rats, 064, Column 2, normal diet plus 
sunlight 6 rats, 0 57, Column 3, normal diet plus cod liver oil 3 rats, 054 


Sunlight (for 2 weeks immediately following fracture, Diet 3143 from age 
of 6 weeks) 1 rat, 0 63 

Cod Lner Oil (Diet 3143 from age of 6 weeks cod liver oil added after 
fracture) 1 rat, 047 

Litter B — Age at beginning of dieting, 6 weeks , age at breaking of bones, 
9% weeks, age at measuring strength of callus, 11% weeks 
Controls (normal diet throughout) 3 rats, average, 053 
Controls (Diet 3143 from age of 6 weeks) 2 rats, average, 0 52 
Sunlight (for 2 weeks immediately following fracture, Diet 3143 from age 
of 6 weeks) 1 rat, 0 55 
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Cod Liver Oil (Diet 3143 from age of 6 weeks , cod liver oil added after 
fracture) 1 rat, 0 51 

Litter C — Age at beginning of dieting, 5)4 weeks, age at breaking of bones, 
9 weeks, age at measuring strength of callus, 11 weeks 
Controls (normal diet throughout) 1 rat, 0 73 
Controls (Diet 3143 from age of 6 weeks) 3 rats, average, 0 53 
Sunlight (for 2 weeks immediately following fracture, Diet 3143 from age 
of 6 weeks) 1 rat, 0 38 

Cod liver Oil (Diet 3143 from age of 6 weeks, cod liver oil added after 
fracture) 1 rat 0 12 



Fig 4 — Consolidated a\erages of experiments under abnormal dietarj condi- 
tions Column 1 normal controls 12 rats, 0 64 , Column 2 controls, Diet 
3143 7 rats, 0 53, Column 3, Diet 3143 plus sunlight 3 rats, 0 52, Column 4 
Diet 3143 plus cod li\er oil 3 rats 0 43 

COMMENT 

A stud\ of these protocols reveals that in no instance did the addi- 
tion of cod lner oil to the diet of rats, either on a normal diet or on a 
rickets producing diet, result m a greater strength of the callus In 
two litters A and C, the callus of control rats on a rickets producing 
diet was somewhat less strong than in the normal controls, that is, from 
0 54 to 0 65 and from 0 53 to 0 73 , but cod lner oil did not tend to 
correct this defect in am instance 
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Further, in the rats on a normal diet, sunlight had also no eftect in 
accelerating the calcification of callus In the rats on Diet 3143, m one 
series (Litter A), the effect of sunlight seemed favorable, but it must 
be remembered that the greater strength of the callus in the rat exposed 
to sunlight as opposed to that in the dieted control animal, that is, from 
0 63 to 0 54, is within the limits of variation of the method as expressed 
in Table 2 

When, considering the averages of each litter as a coordinate unit, 
we consolidate these results, we obtain the graphic representations 
shown m Figuies 3 and 4 

CONCLUSIONS 

1 Exposure to sunlight and the addition of cod liver oil to the diet 
exert no measurable accelerating influence on the calcification of frac- 
ture callus m normal rats 

2 The same factors aie equally nonoperatne under expeumental 
conditions in which such favorable effects might be expected to be 
intensified 



A STUDY OF DIVERTICULUM FORMATION 
IN THE APPENDIX' 

A P STOUT, MD 

NEW YORK 

The subject of diverticulum formation m the appendix has appar- 
ently aroused the interest of but few writers m Europe and America 
It seems rather astonishing in these days of experimental investigation 
of almost every conceivable subject that this interesting, if relatively 
unimportant, process has never, so far as I can ascertain, been produced 
or studied experimentally Hypotheses have been based on morphologic 
observations of the appendix itself, together with the application to 
the appendix of a few experiments made m the large and small intestine 
The results are unsatisfactory because some of them, reported by earlier 
observers, either could not be reproduced, or produced entirely different 
and contradictory results, when repeated by others 

It seems, therefore, that this condition deserves further investigation, 
particularly so inasmuch as I have become convinced during the past 
year that the condition is not nearly so infrequent as the few reported 
cases would lead one to believe When, coincidentally with the change 
in the method of examining the appendixes in the laboratory of surgical 
pathology at the Presbyterian Hospital, we found five examples of 
diveiticulum formation m the appendix m one year, whereas in the ten 
preceding years there was a record of only one appendix with a diverti- 
culum, the inference is justifiable that many cases must have been over- 
looked It was formerly our custom to make two or more transverse 
sections of the appendixes sent for examination, until the discovery of 
a case of multiple diverticula aroused our interest in making a careful 
search for this condition, and we began to section all the appendixes 
longitudinally in a plane passing through the mesenteric and anti- 
mesenteric borders Four more appendixes came to our attention m this 
wa\ none of winch were suspected or observed by the surgeons who 
removed them 

The questions which naturally arise m connection with diverticula 
of the appendix are (1) Hate they anv clinical significance? (2) What 
are their morphologic characteristics and what are the factors which lead 
to tlieir formation? (3) Is there any \\a\ in which they may be 
diagnosed climcalh ? (4) Can their formation be pre\ented, or, if they 

* Trom the Laboratories ot Surger\ at the College of Physicians and 
Surgeons Columbia Lnnersity and the Laboratory of Surgical Pathology 
Pri si, yiernn Hospital Xew \ orb Dratungs In Alfred Femberg 
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have formed, is any treatment indicated 7 Most of those who have 
wntten about diverticula of the appendix have concerned themselves 
almost exclusively with the second of these questions, while a few have 
speculated about the first This paper will deal very largely with the 
second question 

The discussion which follows is based on (a) the study of seven 
appendixes with diverticula, six of which were removed operatively at 
the Presbyterian Hospital, New York, and one at necropsy at the 
Bellevue Hospital by Dr B Morgan Vance and kindly given to me by 
him foi study, ( b ) the reexamination of a large number of appendixes 
removed operatively at the Pi esbyterian Hospital during the last eleven 
years, for certain morphologic and pathologic characteristics which 
seemed to have some bearing on the formation of diverticula, (c) 
certain experiments on dogs, the results of which are suggestive in 
attempting to deteimme some of the etiologic factors, ( d ) a study of 
all the literature to which I could obtain access, with the desire both 
to learn what other investigators have observed and deduced and to 
ascertain from the photographs and drawings reproduced whether cer- 
tain moiphologic peculiarities which are apparent m the series reported 
in this paper were also present m other appendixes 

Before attempting to analyze the factors which seem to favor the 
foimation of diverticula of the intestinal tract in general and of the 
appendix in particular, it will be pertinent to define what is under- 
stood by the term and to review briefly the hypotheses which have been 
advanced up to the present to explain them 


DESCRIPTIVE DEFINITION, STATISTICS AND HYPOTHESES 
Or DIVERTICULUM FORMATION 

Most writers aie agreed that diverticula in the appendix a re 
“evaginations,” “protrusions,” “herniations,” etc, of the mucosa, 
muscularis mucosae and submucosa through defects m the muscular 
coat They are all said to be of the “acquired” variety, m contra- 
distinction to the congenital diverticula which may be found m tie 
intestinal tract, such as Meckel’s diverticulum, m the walls of which are 
to be found all the coats which are present in the wall of the intestine^ 
Such congenital diverticula have never been noted m the wall o t ie 
appendix 1 They may be single or multiple They are most common } 
found along the mesenteric border, bulging out between the leaves o 
the mesentenolum Less commonly, they occur along the antimesen er 
border and at the tip , very rarely elsewhere In regard to freq 

J Krabbel Divertikelbildung bei Appendicitis, Beitr z klm Chir 

121, 1912 
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MacCarty and McGrath 2 report seventeen in 5,000 appendixes (0 34 
per cent), Konjetzny 3 found two m 1,000 cases (0 2 per cent), 
Mosclicowitz, 4 four in 1,500 (0 26 per cent ) and Mertens 5 6 in 106 
necropsies found two appendixes with diverticula, and m twenty-eight 
appendixes removed at operation, one diverticulum (together, 2 23 per 
cent ) If we take the five cases (Cases 1 to 5, inclusive) found in the 
one year, from July 1, 1921, to June 30, 1922, during which time 264 
appendixes were removed at the Presbyterian Hospital, the percentage 
is 189 

The diverticula usually range in diameter from 3 to 5 mm Rarely, 
if ever, do true mucosal lined diverticula reach a larger diameter than 
1 cm , although mucoceles may reach a much greater size They are 
evenly divided between males and females The youngest patient 
apparently was Wilkie’s, 0 a 15 year old girl, while MacCarty and 
McGrath 2 found one in a patient 64 years old Usually, they have 
been found in appendixes acutely or chronically inflamed , occasionally, 
they have been found at necropsy or m patients operated on for some 
unrelated trouble Reference to the accompanying statistical table will 
reveal that the cases reported here conform to these observations without 
any important variations, except a morphologic one which will be 
referred to later 

Of the acquired type, two groups are recognized (1) those that are 
said to occur through the defects in the muscular coats which are found 
along the mesenteric and antimesenteric borders of the appendix, and 
through which pass the vessels which supply the submucosa and mucosa, 
and (2) those which occur through defects in the muscular coats which 
are results of acute inflammatory processes Thus, there may be an 
intramural abscess which destroys the muscularis but which heals 
without perforation, leaving a scar in the muscularis through which the 
protrusion may subsequently occur , or there may be perforation with 
protrusion of the mucosa at the same time and, subsequently, subsidence 
of the acute inflammatory process without removal of the appendix 
The last process may lead to the formation of an external mucocele, 
i e , a subserous or mtramesenteric collection of mucus in a cavity lined 

2 MacCarty, W C, and McGrath, B F Clinical and Pathologic Sig- 
nificance of Obliteration, Carcinoma and Diverticulum of the Appendix, Surg 
Gynec & Obst 12 211 (March) 1911 

3 Konjetzny Zur Pathologie und Klimk der erworbenen Wurmfort- 
satzdivertikel, Munchen med Wchnschr 56 2251, 1909 

4 Moschcoivitz, E The Pathologic Diagnosis of Diseases of the Appendix, 
Ann Surg 63 697 (June) 1919 

5 Mertens Falsche Divertikel, etc , Mitt a d Grenzgeb d Med u Chir 
9 743, 1902 

6 Wilkie Carcinoma of the Appendix Causing Diverticula of the Appen- 
dix and Acute Appendicular Obstruction, Brit J Surg 8 392 (April) 1921 



796 


ARCHIVES OF SURGERY 


with connective tissue which communicates with the lumen of the 
appendix b\ a tract lined with mucous membrane extending through the 
musculans 7 

All of the foregoing statements are based on morphologic observa- 
tions The diverticula have been seen, and, as they were all accompanied 
by defects in the musculans, it was assumed that muscular defects must 
precede their formation The only muscular defects which could be 
found were those through which the vessels passed and those which 
were the lesult of damage following infection, ergo, the diverticulum 
must take place through these defects 

In order to explain why protrusions of mucous membrane occur 
through these defects m some appendixes and not m others, various 
hypotheses ha\ e been advanced Most of them were used in an attempt 
to explain the occurrence of diverticula in the intestine, but they have 
been applied to those occurring in the appendix as well 

Klebs 8 states that, in obese people, collections of fat about the 
vessels as they pass through the wall tend to shove the muscle bundles 
apart, thus increasing the diameter of the defect and increasing its 
potential weakness Graser 0 suggests that the chronic distention of the 
blood vessels as they pass through the muscular coats tends to push 
aside the muscle bundles, in this way increasing the diameter of 
the defect 

Practicall) all of the authors who attempt to account for the force 
which tends to drive the mucosa and submucosa through the musculans 
speak of increased intraluminal tension Edel 10 suggests chronic consti- 
pation with fecal distention of the large bowel as a source of this 
mci eased tension Beer 11 believes that, in addition to constipation and 
chronic distention of the large bowel, it is necessary to have the 
muscular degeneration and weakness which are coincident with old age 
Wilkie 8 states that the obstruction of the lumen of one of his appendixes 
by a carcinoma was sufficient to explain the occurrence of a diverticulum 
distal to it 

When one attempts to analyze these hypotheses and apply them to 
appendix diverticula, it is found that, while each one of them may be 
applicable to a few cases, none of them has a universal application 
Klebs’ suggestion that the vascular defects m the musculans are 


7 Villar Sur un cas d’appendicite chronique avec pseudo-myxoma dncr 
ticulaire, Bull de 1’Acad de med 79 175, 1819 

8 Klebs Path Anat , 1869, p 271 m , pa 

9 Graser Ueber multiple falsche Darmdivertikel in der Flexura sig 
Munchen med Wchnscher 46 721, 1899 

10 Edel Ueber erworbene Darmdivertikel, Virchows Arch f p 

138 347, 1894 

11 Beer, E Am J M Sc 128 135 (July) 1904 
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increased in diameter by accumulations of fat about the vessels obviously 
loses its force when the diverticula occur, as they usually do, m people 
who are not obese Graser’s hypothesis that chronic distention of the 
blood vessels m the vascular defects tends to shove aside the muscle 
bundles, thus increasing the diameter of the defects, does not apply to 
any of the appendixes with diverticula that I have seen or read about 
In these, where there have been broad defects, they have been filled with 
dense connective tissue, sui rounding several rather small and thick 
walled vessels, which were not distended It might be argued that these 
had collapsed after removal, but a majority of the appendixes which we 
receive for examination in the laboratory reach it with their vessels 
distended, so this is probably not a valid objection In any event, 
this hypothesis has no bearing on the inflammatory defects There is 
no proof that chronic constipation and fecal distention per se cause 
increased intraluminal tension, and it can be definitely stated that diverti- 
cula of the appendix at least may occur in people m whom there is no 
clinical evidence of chronic constipation or fecal accumulation in the 
large bowel Beer’s suggestion that weakening of the muscle, due to old 
age, is an etiologic factor is rarely applicable to the appendix diverticula, 
most of which occur in vigorous adults, and examination will show that 
the muscular coats are, in almost every case, above the average in 
thickness It is probably true that there is some obstruction to the 
lumen proximally in a majority of appendixes with diverticula, but 
there are just as certainly others in which there is no demonstrable 
obstruction, and, therefore, this cannot be regarded as an etiologic factor 
of universal application 

The importance of increased hydrostatic tension within the lumen 
of the intestine as a factor m the etiology of diverticula of the intestine 
(and, by inference, of the appendix) received strong support through 
the publication, in the latter part of the nineteenth century, of some 
experimental work that has since been completely discredited, but the 
influence of which can still be traced m recent articles on the subject 
Heschl , 12 Hansemann 13 and Grassberger 14 distended segments of the 
large intestine with water, and asserted that they saw bulgmgs along the 
mesenteric border, which disappeared when the tension was released 
They asserted that these occurred at the defects in the mesenteric border 
through which the vessels pass, and they argued from this that these 
were weak points through which diverticula might occur in the living 
intestine, if the increased intraluminal tension were chronic Beer 11 was 

12 Heschl Wien med Wclinschr 30 1, 1880 

13 Hansemann Ueber die Entstehung falscher Darmdivertikel, Virchows 
Arch f path Anat 144 , 1896 

H Grassberger Em Fall von multiplex Divertikelbildung, Wien med 
Wchnschr 10 149, 1897 
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unable to reproduce these bulgings experimentally, and it is probable 
from Chlumsky s obsenations that they are at best a phenomenon of 
dead intestine only Heschl, 12 Hanau 15 and Good, 10 using human 
necropsy material, several hours after death, found that, after extreme 
distention, the intestine burst regularly between the leaves of the 
mesenteij This observation has been used as an argument to support 
the hypothesis that the mesenteric border is the weakest portion of the 
intestine wall, and that perforations and diverticula are therefore more 
liable to occur in this region than in any other Chlumsky, 17 however, 
showed the fallacy of using dead material for investigation by repeat- 
ing this experiment, using the living dog’s intestine within the body He 
found that it buist regularly along the antimesentenc border When 
he used dead intestine, removed from the body, he found that it burst 
between the leaves of the mesentery We are thus left with inconclusive 
evidence, so far as these experiments are concerned, when we attempt 
to apply them to determine the forces which tend to produce diverticula 
m the appendix and the intestine 

The only obseivations which, it seems to me, can altogether survive 
cntical analysis are the morphologic ones that diverticula are always 
associated with defects in the muscularis and that the only defects winch 
have been observed are those due to perforation, to scan mg following 
suppurative inflammation and the normal ones in the mesenteric and 
antimesentenc boideis through which vessels pass There is no proof 
that diverticula occui through these defects , but all the evidence that 
we have favors the assumption that they do, and, therefore, it seems 
fair to accept it as a working hypothesis 

If we turn now to the seven appendixes described m this paper, a 
reference to Figures 1, 2, 3, 5 and 6 demonstrates very clearly a condi- 
tion which has not been described before in the literature, possibly 
because in most of the cases reported the specimens were sectioned 
transversely instead of longitudinally In these diverticula, it will be 
seen that, not only the mucosa and submucosa nearest the muscular 
defect have passed through it to form an extra muscular sac but also 
the mucosa and submucosa from the side opposite the muscular defect 
have passed through it, thus, in effect, diverting the entire lumen outsi e 
the appendix into the diverticulum sac 18 This condition was note m 
four diverticula m four different appendixes out of a total of eig lteen 


15 Hanau Falsche Darmdivertikel, Virchows Arch f path Anat 

1894, ibid 145 172, 1896 Hanau), 

16 Good Aus dem Leichenhause des Cantonspitals zu Gallen ( 

Inau*, {j eber verschiedene Methoden der Darmvereimgung, Beitr 

z khn Chir 25 539, 1899 , McGrath (Foot- 

18 Several of the diverticula illustrated by MacCar y an heBonjen on 

note 2) seem to show this condition, but no reference is made to P 

m the text 
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diverticula in seven appendixes The same diversion of the lumen 
outside the muscularis can be seen in the appendix which had ruptured 
two years before it was removed, eversion of the mucosa into an abscess 
cavity resulting, with the proximal and distal portions of the appendix 
opening into it separately through the muscular defect (Fig 13) 

All of the hypotheses which have been advanced to account for the 
motive force which pushes the mucosa through the muscular defects 
depend on a distention of the lumen The existence of these four 
diverticula, however, forces us to seek some additional explanation to 
account for them It is inconceivable, for me at least, to imagine that 
the force exerted by the expansion of a fluid or a gas within the lumen 
of an appendix could alone be sufficient to force the entire circum- 
ference of the mucosa and the submucosa through a defect m the 
muscularis Some other force must be opeiative m these cases and 
probably in all the rest of the cases of diverticulum formation as well 

A little reflection will make it apparent that most of the comments 
and reasoning up to this point have been based on morphologic and 
mechanical considerations almost exclusively We have talked of 
diverticulum formation as if it took place by the action of a force m an 
inert, lifeless tube made up of tissues of different tensile strength but 
without any other characteristics This neglect of the biologic factor 
has resulted in the neglect of the tremendous energy transformations 
which are occurring constantly in the appendix and intestine throughout 
life, it has allowed constant morphologic references to the smooth 
muscle tissue of the appendix but scarcely any physiologic ones 19 In 
other words, the force exerted by the contraction of the smooth muscle 
tissue m the appendix during life has not yet been considered as an 
important factor in the etiology of diverticulum formation 20 

MORPHOLOGIC AND EXPERIMENTAL EVIDENCE IN FAVOR OF THE 
MUSCULAR CONTRACTION HYPOTHESIS OF DIVERTI- 
CULUM FORMATION 

Inasmuch as no one, as far as I can find out, has investigated the 
possibilities of this force in connection with appendiceal diverticula, it 

19 Seelig (Footnote 26) in a single phrase suggests that the contraction of 
the smooth muscle plays some part in diverticulum formation in the appendix, 
but does not develop the theme 

20 It is all the more astonishing that this should be so when one finds that 
it has been considered m reference to diverticula elsewhere m the body Forty - 
five years ago, Zenker (quoted by Judd Esophageal Diverticula, Arch Surg 
1 38 [July] 1920) described the pharyngo-esophageal dimple just behind the 
cricoid cartilage on the posterior wall, where there is a weakened point due to 
the arrangement of the musculature at the junction of the upper esophagus and 
the lower end of the pharynx He noted that diverticula occur through this, 
an behe\ed that the increased pressure exerted on the weak point during the 
act of swallowing was the chief etiologic factor 
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seemed as if it were worth attempting With this purpose it was 
determined to state a theorem m regard to diverticulum formation and 
then to see whether it would serve to explain all the known phenomena 
If it did so this would not prove it tiue, because we know by observa- 
tion only a few of the phases of the process If supported by the 
facts, however, it would make it at least a more satisfactory hypothesis 
than any which has been advanced before, because, as has been indicated, 
none of them serve to explain all of the known phenomena 

It has been assumed, therefore, that diverticula take place through 
defects in the muscular coats, and that the chief motive force that drives 
the submucosa and mucosa through these defects is that exerted by 
active contraction of the longitudinal and cncular muscles on the sub- 
mucosa, mucosa and contents of the lumen With this in mind, a 
morphologic examination of a number of appendixes has been made and 
cei tain experiments have been performed, with the hope that the results 
would suggest whether the hypothesis was credible or not 

In order to understand the process of di\ ei ticulum formation, it is 
necessary to emphasize certain well known mechanical and physiologic 
facts One must first recall the physical lelationship which the coats 
of the appendix bear to one another The mucosa and the submocosa, 
with the muscularis mucosae running between, form a single coat, the 
three parts of which aie intimately bound together The muscularis, 
subserosa and serosa likewise form a more or less homogeneous whole 
But, in many appendixes, especially those which have not been previ- 
ously badly damaged by inflammation, the attachment between the sub- 
mucosa and muscularis is by loose bonds of areolar and elastic tissue, 
so that the two coats aie capable of a certain amount of excursion, one 
upon the other 

The muscular coats of the appendix are divided into an outer longi- 
tudinal coat and an inner circulai coat, the latter usually much thicker 
than the former Under normal conditions of tonus, unless widely 
distended by inspissated feces, fluid or a fecohth, the mucosa and sub 
mucosa m many appendixes are maintained within the circular muse e 
m a plicated state, both transversely and, to a less extent, longitudina y 
When theie is a loose attachment of the submucosa to the muscularis, 
it allows free play between these two coats With strong muscular con 
tractions, the tendency is to exaggerate these folds by reducing boti Tje 
diameter and the length of the appendix If an appendix or intes 1 
is fixed in a state of strong muscular contraction and then sec ion 


longitudinally, these exaggerated folds can easily be seen 

With these observations m mind, let us suppose that there is 
point m the muscular wall of the appendix and the muse e con r 
what may happen ? In order to answer this in 

use animals, because it is improper to use the living humar PP 
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situ for experimental purposes While dogs’ appendixes are too much 
like exaggerated cecal pouches to be altogether satisfactory for experi- 
mental purposes, I was forced to use them because I was unable to 
procure organs moie nearly resembling the human Reference to 
Experiments 1 to 5 will show that, if a muscular defect is made in the 
wall of a dog’s appendix by incising down to the submucosa or by 
excising a piece of subserosa and muscularis, there is, following the 
injury, a strong contraction of both circular and longitudinal muscles, 
and, at the same time, the mucosa and submucosa protrude through 
the muscular defect, forming a diverticulum 21 This can persist for 
some days If the same thing is done to an appendix sufficiently 
long after death for the muscular tissue to lose its contractility, no 
such protrusion will occur, piovided the appendix oi intestine is not 
distended If it is distended, the protrusion may occur (Experiment 5) 
From these experiments, we see that, with a suddenly produced 
unfilled gap m the muscularis of a dog’s appendix or intestine, because 
of the free play between the submucosa and the muscularis, the mucosa 
and submucosa may be protruded by muscular action and may also be 
protruded by the force of fluid tension acting from within the lumen 
We can go a step farther in studying the effects of muscular contraction 
and distention If an appendix with a protrusion of mucosa and 
submucosa through an experimentally produced gap in the muscularis 
due to muscular contraction is distended moderately, the diverticulum 
fills with fluid and stands out more clearly as a smooth rounded 
hemisphere If the internal hydrostatic tension is considerably increased, 
the diameter of the appendix gradually increases, the coats of the 
appendix become thinner as they are stretched, the gap m the muscularis 
increases in width and the diverticulum giozvs steadily less until it 
disappeais entiiely (Experiment 4) This effect is produced apparently 
because the increased internal hydrostatic tension overcomes the force 
of muscular contraction and stretches and thins the muscular coats until 
they are forced outward to as great a distance as the original diverti- 
culum In a dog’s dead intestine, in the body, increased intraluminal 


21 When this procedure was repeated, using a human appendix which had 
just been removed from the body and which showed very moderate chronic 
inflammatory changes, the same bulging of the mucosa and submucosa through 
the muscular defect occurred In this case, the bulging was only 1 mm beyond 
the serosal level (Experiment 6) Some years ago when Dr Lewisohn (Clin- 
ical and Experimental Studies on Congenital Pyloric Stenosis, Surg , Gynec & 
Obst 26 320 [March] 1918) was doing some experimental Rammstedt operations 
on the dog s pylorus, in one case, the operation was followed bv diverticulum 
formation It seems probable that, in this situation, it i\as due more to mus- 
cular contraction than to distention, as the pjlorus is probably very rarely dis- 
tended (compare illustration in his article) 



802 


ARCHIVES OF SURGERY 


tension at first forces the mucosa and subnuicosa out through the gap 
m the musculans, making a diverticulum, with marked increase in the 
tension, the appendix dilates enormously, and the diverticulum dis- 
appears as described above (Experiment 5) 

We aie now in a position to state that a diverticulum may occur 
through an experimental defect m the musculans of a dog’s appendix, 
both as the result of intraluminal distention and as a result of muscular 
contraction Increased musculai contraction increases the tendency for 
the mucosa to be piotruded, while greatly increased intraluminal tension 
tends to diminish and, eventually, to cause the disappearance of the 
diverticulum 

With these suggestive animal experiments in nund, let us turn back 
to the human appendix to see whether a morphologic consideration of a 
number of appendixes will support the hypothesis that muscular con- 
traction is the chief factor m the causation of diverticula of the appendix 
and, at the same time, strengthen the view that m many cases the 
vasculai defects are the weak points m the musculans through which 
the protrusions occur 

The arteries and veins which supply the appendix reach that organ 
at from six to eleven different points along the mesenteric border 
They send branches that pass through the muscular coats and form 
a lich anastomotic network m the submucosa Othei branches pass 
circumferentially m the subserosa, and, at the antimesenteric border, 
these also pierce the muscular coats and join the submucosal anastomosis 
A few small twigs pass into the musculans between the mesenteric 
and antimesenteric borders , but they are appai ently for the supply of 
the musculans itself and do not pierce it The \essels as they pass 
through the muscular coats are surrounded by a greater or less amount 
of connective tissue and sometimes by a few fat cells When seen, these 
vascular defects are always larger and much more prominent on the 
mesenteric than on the antimesenteric border Usually, the vessels 
pass through at right angles to the long axis of the appendix, less often, 
they pass through tangentially When found m the appendixes examine , 
they varied between 0 5 and 1 mm 111 thickness on the mesenteric 
border, and were always less than 0 5 mm on the antimesenteric b or er 

In examining the appendixes with diverticula m the senes reporte 
m this paper, it was noted m all of the cases that the muscular coa s 
appeared above the average m thickness, while m all but one the vascU ^ 
defects were very prominent and easily visible 22 An attempt was ma 
to determine the relationship between the width of the vascu ar e e 


22 In the one exception, the diverticulum was believed to have 
inflammatory weakening of the wall rather than to hare occurr 
vascular defect (Case 7) 



STO UT— APPENDIX 


803 


and the thickness of the musculature in the appendix Ninety-six 
appendixes were chosen at random as they were received m the labora- 
tory of surgical pathology, and the thickness of the muscular coat was 
measured by a millimetei scale The average thickness was 0 86 mm , 
a figure slightly above the 0 5 to 0 75 mm which Aschoff 23 says is the 
variation in normal adult appendixes During the routine gross exami- 
nation of these appendixes, it has been a laboratory rule that the appen- 
dix shall be bisected longitudinally in a plane passing through the 
mesenteric and antimesentenc borders, and the presence or absence of 
the vascular defects noted in the report When the defects are of any 
size, the vessels are surrounded by dense connective tissue, which shows 
up as a dull white band, in sharp contrast to the much darker semi- 
translucent musculans It is not unreasonable to assume, therefore, 
that, m those cases in which the defects were seen, they were probably 
broader and contained more connective tissue than m those m which they 
were not seen In the forty-two cases in which they were seen, the 
average thickness of the musculans was 1 06 mm (the thinnest, 0 5, 
and the thickest, 3 0 mm ) , while in the fifty-four cases in which the 
vascular defects were not seen, the average thickness of the musculans 
was 0 71 mm (the thinnest, 0 3, and the thickest, 1 5 mm ) 24 The 
average diameter of the vascular defects in the mesenteric border m the 
forty-two cases m which they weie seen was 0 5 mm 

Turning to the series of seven appendixes with diverticula, we find 
the average width of the musculans 1 91 mm (the thinnest, 1, and the 
thickest, 2 7 mm ) In Cases 1 to 6, inclusive, m which the mesenteric 
vascular defects were noted passing through the musculans, the average 
diameter of the largest defects noted in each case was 1 mm (the largest, 
1 5, and the smallest, 0 5 mm ) 

These figures suggest that appendixes vary considerably in the thick- 
ness of their muscular coats and that the broader vascular defects which 
are more easily visible with the naked eye are found m the more thickly 
muscled appendixes They also indicate that the musculans of those 
appendixes in which diverticula are formed averages a whole millimeter 
thicker than in the average appendix removed at operation, and that 
the mesenteric vascular defects m the appendixes with diverticula tend 
to be broader than the average 

We cannot satisfactorily account for this muscular thickening m 
every case by the hypothesis that it is hypertrophy resulting secondarily 

23 Aschoff, L Die Wurmfortsatzentzundung, Jena, 1908, pp 10 and 72 

24 Of course, these figures have only comparative value because of the 
many variables and sources of error, the greatest being the edema of the 
musculans in acute cases But, as the same factors of error are operative 
m both series, it is felt that the value of the results for comparison is not 
\ itiated 



804 


ARCHIVES OF SURGERY 


from obstruction of the lumen and increased function of the muscular 
tissue, this increased function being stimulated by accumulation of con- 
tents within the lumen, because, while m five of the seven cases there 
was either actual or potential obstruction of the lumen proximal to the 
diverticula, m two (Cases 4 and 6), there was neither, and both of these 
had thick muscular coats So, while admitting the attractions of this 
hypothesis and suggesting with Wilkie *- that it plays some part, it must 
be admitted that some other factor or factors are involved In any 
event one cannot escape from the suggestion that these thick muscles 
indicate increased function and that they are capable of more powerful 
contraction, and hence of exerting a more powerful force, than the 
thinner ones 


It will not be unprofitable, at this point, to reconsider the question 
of diverticulum formation as a result of damage to the wall of the 
appendix from suppurative inflammation As we have seen, it has been 
stated, first, that an intramural abscess may form, destroy the muscu- 
laris, dram into the lumen of the appendix, and subsequently be replaced 
by scar tissue, thus leaving a defect through which it is conceivable that 
a diverticulum maj pass , second, that, during an acute inflammatory 
attack, the appendix may perforate, and, as a result of the perforation, 
a diverticulum or mucocele may develop All that can be adduced to 
support the first statement are the observations that intramural abscesses 
occur, that scars occur in the muscularis, and that diverticula occur 
All of the intervening steps are suppositious In regard to the second, 
however, we are able to demonstrate more of the intervening steps, 
and it will be worth while to do this because of the light which it seems 
to throw on the dynamics of the process 

It must be recalled that the vast majority of perforations of the 


appendix are associated with extensive necrosis of the mucous mem- 
brane Most perforations appear as holes lined with necrotic tissue, 
leading thiough the wall from a lumen also largely lined with necrotic 
tissue Occasionally, however, we find the condition of affairs illustrated 


m Figure 12, m which there is a wide perforation without extensive 
necrosis, which has resulted in the protrusion and eversion of the mucosa 
and submucosa (Case 8) A condition analogous to this, but of two 
years’ standing, can be seen in Figure 13, which has been referred to 
before There we find perforation, with protrusion through the perfor- 
ation not only of the adjacent mucosa but also of the entire lumen, 
so that the proximal and distal portions of the lumen open separate) 
into the extra-appendiceal abscess (Case 9) 

Figure 4 presents a tract lined with mucous membrane leading o 
cavity in the mesentenolum near the tip, filled with mucus and P us J n 
linecfw.th granu1at.cn t.ssue As there , a ****£££% 
part of this appendix, this may be thought of either as a dnert 
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which the acute inflammatory process has destroyed its lining mucosa or 
(and this appeals to me as moie probable) it may be considered that, as 
the result of an acute mflammatoiy process in the appendix wall, pos- 
sibly during a previous attack, a perforation and partial protrusion of 
the mucosa occurred with the foimation of a mucocele, and that the 
inflammation present when the appendix was removed involved a 
previously formed sac 

The speed and ease with which mucosal defects in the intestine can 
regenerate is well known, so that it requires no great stretch of the 
imagination to surmise that, in Cases 8 and 9, had there been a sub- 
sidence of the infection, perhaps by free and adequate drainage of the 
abscess through the fistulous tract leading back through the wall of the 
appendix into the lumen and so on into the cecum, a regeneration of 
mucosa might have lined the extramuscular sacs, giving the picture 
seen m other diverticula in this paper , in the latter case with a single 
opening into the lumen, in the former with a double opening Figure 11 
illustrates a diverticulum near the tip of an appendix that may very 
well have occurred m this way 

Figure 12 illustrating a fresh perforation, with protrusion of the 
mucosa and eversion, cannot fail to recall, to all who have seen it, the 
behavior of the mucosa of any part of the living gastro-mtestinal tract 
when the entire thickness of the wall is cut through and the lumen 
entered It will be remembered that, coincidentally with the wide gaping 
of the wound, the mucosa protrudes and, as it comes out, turns back 
on itself so that it both projects beyond the surface of the serosa and 
still allows the cut edge of the mucosa to lie m contact with the cut 
edge of the serosa If the same cut is made m a dead intestine, none of 
these phenomena occurs In this case, we cannot blame the intraluminal 
tension , for, as soon as the lumen is entered, the intraluminal and extra- 
luminal tensions are equalized We are therefore compelled to fall back 
on the force of muscular contraction which responds to the irritation 
incident to the trauma of the incision The segment cut into is narrowed 
and shortened by the contraction of the circular and longitudinal fibers, 
which, in turn, forces the redundant mucosa and submucosa through the 
opening , and, because the submucosa is attached to the muscularis while 
the mucosa is a free, unrestrained surface, eversion occurs The 
similarity between this experimental end-result and the perforations 
illustrated in Figures 12 and 13 is so striking that I believe we are 
justified in adopting the hypothesis that the force resulting from 
muscular contraction is the chief factor m producing the eversion of the 
mucosa and submucosa 


SUMMARY 

The foregoing reexamination of the process of diverticulum forma- 
tion in the appendix has set forth some experimental evidence and 
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some morphologic facts, all of which have tended to support the 
muscular contraction hypothesis with which we started, and none of 
which have contradicted it To recapitulate, it has been shown that 
there must be a weak point m the wall of the appendix which is 
probably due either to an especially broad vascular defect m the mesen- 
tenc or antimesentenc border filled with connective tissue, a condition 
found in most appendixes with diverticula, or to a scar in the muscu- 
laris, the lesult of a suppurative process, or to perforation during an 
acute attack, with protrusion of the mucosa and subsequent subsidence 
of the infection followed by regeneration of the mucosa within the 
former extramuscular abscess cavity 

It has been suggested that, m all foi ms of diverticula without excep- 
tion, contraction of the circular and longitudinal smooth muscle coats 
is probablj the chief active factor in driving the mucosa and submucosa 
tlnough the weak point in the musculans In support of this, there is 
the morphologic evidence that, in all seven of the cases reported, the 
musculans is above the average in thickness In five of these, this is 
associated with more or less obstruction of the lumen proximally either 
by intraluminal mechanical means, complete obliteration, twists or angu- 
lations In the other two, no obstruction could be demonstrated, but it 
was possibly present during life Usually, this obstruction is accom- 
panied by dilatation of the lumen, distal to it There is also the condi- 
tion of complete diversion of the lumen outside the musculans into 
the diverticulum sac, which can be explained best by the muscular 
contraction hypothesis 

By experiment on dogs’ appendixes, it has been demonstrated that 
operative muscular defects result immediately in profusions of mucosa 
and submucosa accompanied by active contractions of the circular 
and longitudinal muscles, and that, when the muscles have lost their 
contractility, no protrusion will occur, if the lumen is empty It has also 
been shown that moderate distention of the lumen will result m a similar 
protrusion, while extreme distention lesults in obliteration of the 


diverticulum 

From the foregoing data, the following attempt has been made to 
reconstruct the process of diverticulum formation An appendix m 
which a diverticulum occurs must be thought of as a muscular tu e 
above the average m thickness, and, because increase m structure con- 
notes increase m function, capable of unusually powerful contraction, 
both longitudinally and transversely It always contains submucosa, 
musculans mucosae, mucosa and more or less material within t le J® 
These different elements are relatively inert and should be tho g 
as the contents of the muscular tube, even though some of J 6 ” 
loosely attached to its inner surface If such a ^musc« ar ^ ^ 

tracts, it becomes a potentially closed cavity, and there 
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strong pressure on the contents, which may be considered as fluid, and 
so governed by the laws of hydrostatics If there is a weak point in 
the muscular tube incapable of withstanding this transmitted force, 
it must yield, and the contents will protrude through the gap to a 
point where the driving and resisting forces become equalized Depend- 
ing on the balance between these two forces, the protruded elements may 
consist only of mucosa and submucosa immediately adjacent to the 
defect, or they may consist of the entire contents of the muscular tube 
in the segment containing the defect In the former case, there will be 
a diverticulum consisting of a simple pouch lined with mucous mem- 
brane, m the latter, complete diversion of the lumen into the diver- 
ticulum sac 

REPORT OF CASES 
APPENDIXES WITH DIVERTICULA 

Case 1 — July 3, 1922, a specimen was removed at necropsy by Dr B M 
Vance from a woman, aged 46, whose history was unknown (medical examiner’s 
case) 

Gtoss EvammaHon — The specimens were the cecum, ascending colon, 
terminal ileum and appendix The appendix was about 6 cm long and 
sinuously curved Near its base a band extended from the parietal peritoneum 
to the mesentery of the appendix Almost opposite this, another broad band 
extended from the terminal ileum and its mesentery to the appendix and its 
mesentery These were probably congenital The appendix varied in diameter 
from S mm , near the base, to 10 mm , just beyond the middle When the cecum 
was distended, apparently no fluid passed into the appendix The distal half 
of the appendix had a free mesentery, containing a considerable amount of fat 
In this could be seen, buried in fat, two hemispheric bulgings, which were 
apparently continuous with the mesenteric border of the appendix 

A longitudinal section revealed that the lumen in the proximal part was 
patent, but measured only about 1 mm in diameter and contained a small 
amount of thick, slimy greenish material At a distance of 3 7 cm from the 
cecal-appendiceal junction, the lumen came to an abrupt termination after being 
diverted to one side A thm septum separated it from the terminal portion of 
the appendix, where the lumen was widely dilated up to 5 mm and filled with 
thick, white flocculent material In this portion of the appendix, there were 
two defects in the muscularis of the mesenteric border, through the more 
proximal of which a protrusion of mucosa and submucosa had occurred for a 
distance of 4 mm Through the more distal gap, not only had the mucosa and 
submucosa of the same side protruded, but also all the rest of the mucosa and 
submucosa of that region, so that the entire lumen had come to lie outside 
the appendix, within the sac of the diverticulum From the diverticulum, the 
lumen passed back within the surrounding muscular coats once more in its 
course toward the tip, becoming markedly constricted as it did so At the tip 
itself, there was a third defect in the muscularis through which the mucosa and 
submucosa passed, dilating up to 3 mm to form a terminal diverticulum, which 
vas surrounded by the mesenteric fat at the tip The muscular coat of the 
appendix throughout was thick, averaging from 1 5 to 2 mm The vascular 
defects m the mesenteric border -were for the most part slender white lines 
about 0 3 mm thick one however measured 1 mm (Fig 1) 



Fig 1 (Case 1) — Appearance of necropsj' specimen from a woman, aged 
46, with unknown history The appendix has been bisected longitudinally A 
is the junction of the appendix with the cecum, B the mesentenolum The 
muscular coat C is easily distinguished, by its darker appearance, from the 
white appearing mucosa and submucosa At D, a septum of mucosa and sub- 
mucosa narrows the lumen and diverts it toward the mesenteric border, so that 
the proximal portion of the lumen is completely separated from the distal 
Beyond this, the lumen is widely dilated, and the mucosa and submucosa pass 
through a defect in the mesenteric border forming the simple pouchhke diver- 
ticulum E At F is another diverticulum with complete diversion of the lumen 
outside the muscular coats The septum of submucosa and mucosa G appears 
complete in the plane of the section, but there was a small hole in it through 
which the continuity was maintained, indicated by the black marker in the 
diverticulum H is a diverticulum at the tip 
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Mictoscopic Examination — Sections from the terminal diverticulum revealed 
that the sac of submucosa and mucosa projected for only a short distance 
through the muscular defect It was intimately adherent to the surrounding fat, 
and there were many dilated veins immediately about it The mucous membrane 
lining the sac was thin and poorly supplied with glands, and the submucosa 
showed only an occasional small lymph follicle Sections of the large diver- 
ticulum into which the lumen was diverted confirmed the gross findings in every 
way The thin septum which passed from the wall of the appendix opposite 
the muscular defect, through and completely across the diverticulum to its apex, 
was composed of a central core of submucosa lined on both sides by mucosa As 
m the diverticulum, at the tip the mucosa was thin and poorly supplied with 
glands, and the submucosa contained only an occasional lymph follicle The 
subseiosa was everywhere thick and well supplied with dilated blood vessels 
The muscular coats appeared thick and intact, and were without evidence of 
previous inflammation 

Case 2 — Histoiy — F K, man, aged 30, married, a German fireman, suffered 
from cramps and vomiting for three days He had had no previous similar 
attacks, and was never constipated There was tenderness, and a mass was 
palpable in the cecal region The temperature was 99 4 F The white blood 
cells numbered 15,400, polymorphonuclears, 83 per cent 

Opeiation (Dr Joelson, supervised by Dr W B Parsons) — May 27, 1922 
The appendix was acutely inflamed, laterad to the colon, extended up along the 
right side of the cecum, and was bound down by recent fibrinous adhesions 
It was excised from the tip back, and the wound was drained Recoverv 
followed June 12, 1922, there was a small granulating area still unhealed in 
the abdominal wound Otherwise the patient was well 

Gioss Examination — The specimen was about 12 cm long It was slightly 
angulated at the junction of the proximal and middle thirds The proximal 
third was about 9 mm in diameter Beyond this, it plunged into an adherent 
swollen mass of fatty tissue, which was dusky red and covered with a flaky, 
fibrinous exudate The diameter of this mass was 2 6 cm on the average (the 
appendix itself in this portion measured 1 7 cm m diameter) , 1 2 cm from the 
base, there was a rounded, bulbous excrescence, slightly pedunculated and 
averaging 1 cm in all diameters, projecting from the mesenteric border It was 
soft and reddened and had infiltrated fibrous tissue and fibrin adherent to 
its dome 

On longitudinal section, the appendix was found to be divided into three 
sharply defined zones In the pioximal poition, the lumen was a narrow slit 
less than 1 mm m diameter and apparently empty It extended in a straight 
line for a distance of 1 5 cm , until it reached a point opposite the middle of the 
diverticulum, where it bent sharply at a right angle toward the mesenteric 
border and, accompanied by the mucosa and submucosa of both the mesenteric 
and antimesenteric borders passed through a broad defect m the thick mus- 
cularis Here, it joined, by a mere potential slit, the second poi tion of the 
appendix Beyond this slit, the lumen was abruptly dilated, forming the main 
cavitv of the diverticulum The lumen then passed back through the same 
defect in the muscularis, where it was somewhat narrowed and, turning again 
at a right angle, resumed its course along the center of the long axis of the 
appendix This portion was 1 cm from the apex of the dnerticulum to the 
center of the appendix and 2 5 cm along its long axis It was filled in this 
portion with thick pale cream} material under slight tension The muscularis 
m this portion had been torn aw at along the mesenteric border for a short 
distance probabh In operatne trauma The second portion ended abruoth as 
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a blind pouch, the lumen at this point being completely separated from the 
distal portion The thud pot t ion comprised a dilated lumen filled with bloody 
pus and lined with necrotic, hemorrhagic granulation tissue There were two 
broad defects passing through the muscularis at the mesenteric border which 
seemed to be composed of reddened, congested fibrous tissue The broadest 
was 1 2 mm One similar, but much more slender, fibrous thread passed 
through the muscularis of the antimeSenteric border Surrounding the distal 
half was the tremendously' thickened edematous fat of the adherent mesentery 
On making further sections through the tip longitudinally, another diverticulum 
was revealed, with a neck passing through the muscularis about 1 mm broad, 
beyond which was a cavity’ 3 mm in diameter m the surrounding mesenteric 
fat At its thickest part, the muscularis measured 1 5 mm in width The width 
of the broadest vascular defect was 1 2 mm (Fig 2) 

Mict oscopic Examination — The section through the large diverticulum, near 
the base, revealed that it was lined with flattened mucous membrane and that 
the thick, creamy' material filling it was made up almost exclusively of 



Fig 2 (Case 2) — Appearance of an acutely inflamed appendix from a man, 
30 years old There were no previous attacks At A is shown a diverticulum 
in the mesenteric border near the base, with complete diversion of the lumen o 
the appendix into the diverticulum, because of the projection of the tongue o 
mucosa and submucosa B through the muscular defect (compare Fig 3) 

C, the lumen is completely interrupted by a septum of connective tissue, eyon 
which there is partial necrosis of the mucosa coincident with the acute in am ™ a 
tion D and D are two vascular defects filled with connective tissue in 
muscularis of the mesenteric border, D' is a similar defect in the muse ^ 
of the antimesenteric border, E, region from which Figure 4 has een m 


leukocytes The dilated central portion of the appendix which was 
with this diverticulum was lined with a mucosa of similar type juPmucosa 
the proximal portion was more normal in appearance e nec ° ^ , nt0 

which extended from the antimesenteric side of * e a J pe ” d, f which was 
the diverticulum was composed only of fibrous and a y diverticulum 

covered by the muscularis mucosae and mucous membrane outslde of 

was covered exclusively by submucosa and muscu aris passed down 

Which was adherent fatty tissue A vessel of considerable sire pass 
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alongside the neck, which suggested that the diverticulum occurred m one of 
the normal vascular defects in the muscularis of the mesenteric border (Fig 3) 
Sections from the tip of the appendix revealed that the mucosa was exten- 
sively destroyed by a suppurative process Where it was preserved, it was 
represented by a single layer of columnar cells, with only a few short mucous 
glands scattered at intervals between them At a point opposite the abscess, 



Fig 3 (Case 2) — Appearance of microscopic section of diverticulum A 
shown in Figure 2 diversion of lumen surrounded by mucosa and submucosa 
through defect in muscular coats The section is through a plane which shows 
the afferent and efferent sections of the lumen passing through the vascular 
defect, but does not show' its continuity toward the cecum at A, nor toward the 
tip at B This continuity is apparent in Figure 2 

there was a defect in the muscularis and through this, mucous membrane 
extended to a point almost opposite the external coat Here it ceased and the 
rest of the cantt was lined w f ith granulation tissue and filled with a mass of 
icuhocites mixed with mucus and mononuclear cells (Fig 4) 
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The condition in the tip suggested that a mucocele was probably m the 
course of formation m the distal isolated portion with a diverticulum at its tip 
An infection involved the tip, causing a perforation of the diverticulum, which 
had resulted in abscess formation in the mesentery The central portion had 
probably been involved secondarily in the acute inflammatory reaction, causing an 
empyema involving this portion and its extension into the proximal diverticulum 
The small proximal portion attached to the base had practically escaped involve- 
ment at this stage of the infection 

Casi 3 Httloiy L \Y , a colored woman, aged 20, single, an American, 
who was doing maid service, had suffered pain m the right lower quadrant for 
the past two weeks, which had grown steadily worse and w r as increased by urina- 
tion There was no nausea, but she had \omited twice Two similar attacks 
had occurred, one and two and one-half y'cars ago, with fever which lasted 
from four to six w’eeks In the past she had four attacks of pain, swelling and 
redness of the left ankle and shoulder She w r as usually' constipated Pro- 
miscuous intercom se w'as admitted 



Fig 4 (Case 2) — Drawung of microscopic slide of section made through 
tip of appendix at E in Figure 2, but at a deeper plane The lumen of the 
appendix is shown at A, surrounded by inflamed mucosa which has been destroye 
at B At C is the opening of a mucous membrane lined tract which leads throug ; 
a defect in the muscular coats MM, into an extra muscular cavity D, lined wit i 
granulation tissue and filled with mucus and pus At F is a connective tissue 
filled vascular defect passing from the mesenteriolum through the muscu ar 
coats to the submucosa 


Examination — There was marked tenderness low down in the right lower 
quadrant and slight tenderness in the left lower quadrant The cervix was arge, 
soft and irregular There was intense pain when the cervix was move 
was a tender mass in the right fornix and slight tenderness in the 
The patient was observed m the hospital for eleven days , during 
she improved greatly The temperature ranged from 1014 to 98 * ^ 

blood cells numbered 8,100, polymorphonuclears were 81 per cent 
70, the red blood cells numbered 4,600,000 The Wassermann reaction 


negative 
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Operation (Dr Joelson, supervised by Dr J Greenough) — March 13, 1922 
Right salpingo-oophorectomy, left salpingectomy, myomectomy of small uterine 
fibromyoma and appendectomy were performed The appendix was retrocecal 
and entirely retroperitoneal Uneventful recovery ensued May 13, 1922, the 
wounds were fully healed, and the patient felt relieved of symptoms 

Gioss Examination — The specimen was an appendix 6 cm long and varying 
from 5 to 8 mm in diameter The surface was dull and roughened The super- 
ficial vessels were injected There were several small firm white nodules on 
the mesenteric and antimesenteric borders, averaging about 2 mm in diameter 
On the mesenteric border near the tip, there was a much larger one, projecting 
4 mm from the surface and measuring 5 mm in diameter On longitudinal 
section, the lumen of the appendix was found to be patent to within 7 mm of the 
tip, from 3 to 4 mm in diameter, and filled with inspissated fecal material 
The wall of the appendix averaged 2 mm in thickness, of which the muscularis 
occupied 1 mm One fibrous band was seen passing through the muscularis in 
the mesenteric border, which was 08 mm in diameter The terminal 7 mm of 
the appendix seemed to show first an obliteration of the mucosa and its replace- 
ment by fibrous tissue, beyond this the lumen was a mere potential space sur- 
rounded by a small amount of mucous membrane It seemed to pass out into 
the large nodule projecting from the mesenteric border (A more detailed 
description of this appendix cannot be given for it was unfortunately mislaid 
after this preliminary examination had been made) With the appendix were 
a fibromyoma of the uterus, two chronically inflamed tubes and a cystic ovary 
Microscopic Examination — Sections from the tip of the appendix revealed 
a diverticulum formed bv the extension of the submucosa and mucosa through 
a defect in the muscular layers On one side of the diverticulum a slender 
strand of the inner circular muscle had been carried through the gap with the 
submucosa and extended almost to the highest portion of the dome of the 
diverticulum There were two distinct lumina in the diverticulum, lying side by 
side as it passed through the muscularis, each lined with mucosa and sub- 
mucosa, which join in the extramuscular sac A good sized -vein la> alongside 
the neck of the diverticulum as it passed through the muscularis A section 
taken from one of the smaller nodules along the mesenteric border described in 
the gross presented a mass composed of connective tissue surrounding a number 
of relatively large thick walled veins passing through a gap in the muscularis 
and widening out to form a thicker rounded mass outside the muscularis, m 
this way simulating a diverticulum, although no mucous membrane appeared 
in it (This is an example of the false diverticulum described by Seelig 2 "’) 
None of the sections presented any signs of acute inflammation 

Case 4 — Histoiy — E W, man, aged 54, a widower, American, had suffered 
for thirty-six hours from generalized pain in the abdomen and vomiting He 
had had no previous similar attacks but had had vague gastric disturbances and 
cramps occasionally in the past There were tenderness and muscular spasm 
about the umbilicus and in the mesial portions of both lower quadrants The 
temperature was 100 6 F The white blood cells numbered 21,000, the poly- 
morphonuclears w r ere 93 per cent 

Opciation (Dr Greenough) — Jan 27, 1922 Appendectomj with drainage 
was carried out The appendix la\ behind the ileocolic junction m a region 

23 Seelig False Dnerticula of the Vermiform Appendix, Ann Sure 44 
78 1906 
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of localized peritonitis A stormy postoperative course was attended by a pul- 
monary embolus with infarction of the lung June 6, 1922, there was bulging of 
the abdominal wound, but the condition was otherwise good 

Gioss Descnpiion— The specimen was 4 cm in length, 1 3 cm in diameter 
near the base and 1 cm in diameter at the tip It was reddened and edematous 
throughout, but more markedly so m the distal half, which was covered with a 
greenish-yellow fibrinous exudate The mcsenteriolum was also swollen 
and edematous, with a broad attachment It was covered with a fibrinous 
exudate throughout its length On longitudinal section, it could be seen that 
the thickening in the proximal half was due to a tremendous thickening of the 
submucosa The muscular coat was 2 mm thick Along the mesenteric border, 
there were eight vascular defects from 1 to 1 5 mm in thickness, passing 
through it at right angles to the lumen On the antimesentenc border, the 
vascular defects were barely visible The lumen for a distance of 23 cm was 
small hut patent and passed with slight deviations nearly through the center 
of tlie appendix , then it made a right angled turn and, accompanied by the 
mucosa and submucosa, passed through the muscular coat to form a dilated sac 



Fig 5 (Case 4) — Appearance of acutely mflammed appendix from a man 
of 54, who had had no previous attacks At the left is the external appearance 
of the appendix, with the thickened mass of the mesentery above, with fibrin 
adherent to it To the right is a longitudinal section showing the single 
diverticulum in the mesenteric border with complete diversion of the appendix 
lumen into it The thick muscular coats appear as a broad dark band, inter- 
rupted along the mesenteric border by the diverticulum and by seven sharplv 
contrasted connective tissue filled vascular defects 


5 mm in diameter between the leaves of the mesenteriolum It then proceede 
directly back toward the center of the appendix, paralleling its former course 
outward, and passing through the same muscular defect Having reached t e 
center of the appendix, it proceeded on its course to the tip The muscular e ec 
through which the two arms of the lumen passed measured 4 5 mm in widt e 
thus had a complete diversion of the lumen through the muscularis into 
mesenteriolum At one point, the mucosa lining the diverticulum ivas e ec iv , 
indicating a pm point perforation into the mesentery (Fig 5) 

Microscopic Examination — Longitudinal sections revealed that the ive 
ticulum m the mesentery had a lumen 5 mm in diameter, lined 
mucosa surrounded by submucosa and the thickene e e ^ the 

mesentery Only one of the mucosal tubes connecting! wi ]jne(J uJt j, 

original appendix lumen was shown in these slides Tu 
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intact mucosa as it passed through the broad defect in the muscularis Several 
other broad defects m the muscularis were seen, through which passed blood 
and lymphatic vessels and dense connective tissue Surprisingly little evidence 
of the acute inflammatory reaction appeared m the section except in the form 
of a fibrinopurulent exudate on the serosa and fibroblastic reaction in the 
mesentery, together with a moderate edema and dilation of lymphatic vessels 

(Fig 6) 

Case 5 — Histo>y — J F D, man, aged 21, single, American, a clerk, suffered 
sudden sharp cramplike pains in the abdomen which were not relieved by any 
measures taken The bowels moved, and he vomited once He had had six 
similar attacks during the past vear He was usually constipated The tempera- 



Fig 6 (Case 4) — Photomicrograph of the appendix shown in Figure 5 The 
diverticulum lined with mucosa and submucosa in the mesenteric fat is shown at 
A The afferent portion of the lumen leading from the cecal end of the appen- 
dix to the diverticulum sac is shown at B The continuity of the dnerticulum 
with the lumen of the appendix at the tip C is not shown m this section but is 
clear m Figure 5 DDD are four of the broad defects in the mesenteric border 
of the muscularis filled with blood \essels and connective tissue The ball-like 
expansions of these outside the muscular coats (so-called false dnerticula) are 
well shown 

ture was 100 6 F The white blood cells numbered 17,600, polvmorphonuclears 
90 per cent Tenderness was noted on both sides ol the midhne below the 
umbilicus There was rectal tenderness anteriorh and marked distention of 
the colon 

Opciation (Dr H A Hurrav, supervised bv Dr W G Penfield) — Jan 9, 
3922 The appendix was retrocecal apparentlv periorated near the tip 
swollen, reddened and covered with fibrin \ quantitv of free, grav purulent 
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flu.d was found m the peritoneum, which grew B acddacha Appendectomy was 
performed, with drainage The wound healed slowly, but convalescence was 
otherwise smooth 

July IS, 1922 The scar had a slight tendency to bulge, otherwise the patient 
was well 

Gioss Euimmaiion —The specimen was an appendix about 5 cm long and 
0 8 cm in diameter It was slightly curved, reddened and edematous, and the 
distal half was dusky red and covered with a thick, flaky fibrinous exudate 
The mesentery was thickened and attached along the convex border No 
diverticula were visible externally, nor was there external evidence of 
perforation 

On longitudinal section of the organ, it was apparent that at the base for 
a distance of 5 mm the lumen of the appendix was completely occluded and 
replaced by fibrous tissue Distal to this the lumen was widely dilated and 
lined with a smooth laver of mucous membrane It contained cloudy fluid 
It was at once apparent that there were three complete diverticula along the 
mesenteric border m the distal half Two of these measured about 4 mm m 
diameter and consisted apparently of protrusions of mucosa and submucosa 



Fig 7 (Case 5) — Appearance of the acutely inflamed appendix of a man, 
aged 21, who had had six preceding acute attacks To the left is the external 
appearance, showing the tip covered with fibrin and the mesenteriolum attached 
along the convex border, to the right a longitudinal section, showing complete 
obliteration of the lumen at the base. A, beyond which it is widely dilated 
B', B" and B' are three diverticula in the mesenteric border C is a muscular 
defect in the mesenteric border, and D, a muscular defect m the antimesenteric 
border Between B' and B is what appears to be an incomplete diverticulum 
This is incorrectly drawn, as it is a defect similar to D 


through defects in the muscularis, which w T ere about 2 mm in diameter e 
most distal diverticulum near the tip was much larger when it reache t e 
mesentery, spreading out over an area nearly 1 cm in length It was ® 
with semigelatmous, mucoid material and there was a perforation tirou 0 0 
end into the mesenteric fat It was noticeable that there were, in a > 1 
to the complete diverticula, two defects in the muscularis along the mesen 
border and one along the antimesenteric border, all of which were 
dense, white connective tissue The defect on the antimesenteric berde^ ^ 
capped with a small ball of dense white tissue m the subserosa d 

mucosa appeared to be present in these three areas The 
about 2 mm in thickness The broadest point was 22 nun m h. 
connective tissue filled defects averaged OS mm in diameter ( g 
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Mictoscopic Examination — A section taken near the tip revealed that the 
largest diverticulum was a protrusion of submucosa, muscularis mucosae and 
mucosa through a large defect in the muscularis, into the tissue between the 
leaves of the mesentery It had spread out considerably in this situation and 
at its proximal end had a defect in its lining mucous membrane which com- 
municated directly with a mass of mucus lying free in the tissues This 
mucus was mixed with round cells and leukocytes In the surrounding tis- 
sues, there was edema, congestion of vessels and cellular infiltration On the 
serous surface was adherent an exudate of fibrin and leukocytes (Fig 8) The 
other two diverticula were of the usual type There were also defects in the 
mesenteric border of the muscularis, filled with connective tissue which sur- 
rounded thick walled veins The lack of signs of inflammatory reaction in the 
appendix itself made one suspect that the infection started possibly in the 
mucocele which came from the diverticulum at the tip of the appendix 



Fig 8 (Case 5) — Drawing made from the microscopic section of diverticulum 
B ", Figure 7 At A is shown the neck of the diverticulum leading to the extra 
muscular cavity which is lined with mucous membrane except at B, where it 
stops at the small opening shown in the illustration This leads into an accessory 
cavity C, which is lined with the connective tissue of the mesentery and con- 
tains mucus and leukocytes The mucous membrane lining the lumen of the 
appendix was torn away in making the section Here, we have a diverticulum 
with an infected mucocele leading off from it D is a vascular defect 

Case 6 — Histoiy — M F C, woman, aged 28, single, American, a book- 
keeper, came to the hospital to have the appendix removed because of a recent 
acute attack of appendicitis 

Examination — On admission, tenderness was elicited on deeo palpation in 
the right lower quadrant All other signs were negative The temperature 
"as 99 F The white blood cells numbered 7,100, polymorphonuclears, 66 
per cent 

Opciatwn (Dr F B St John) — July 23, 1921 ^ppendectomi was per- 
formed The appendix was found in the pehis adherent to the surrounding 
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structures by recently formed soft adhesions Three nodules were noted alone 
the antimesentenc border and one at the tip The patient made a good recover } 
Gtoss E\ animation The specimen measured 65 cm m length and 1 cm 
m diameter m the distal half A large mass of mesenteric fat was attached 
distally It was pmh and smooth, except in a few scattered areas from which 
adhesions had been torn At the tip was a firm rounded pale mass, 7 mm 
in diameter Three similar rounded projections, smaller in size, w'ere seen on 
the antimesentenc border in the distal half On longitudinal section, it was 
seen that the appendix was somewhat irregularly curved, with its concavity 
toward the mcsenlerv The lumen appeared to be patent throughout, varying 
from 2 to 3 mm m diameter White lines representing \ascufar defects filled 
wath connective tissue could be seen m both the mesenteric and the antimesentenc 



Fig 9 (Case 6) — Appearance of appendix removed from a woman of 28 
in an interval following an acute attack To the left is the external appearance 
of the appendix showing the three nodules on the antimesentenc border, one 
at the tip and the large mass of fat in the mesenteriohim , to the right, 
a longitudinal section showing these four diverticula and three others in the 
mesenteric border, at A, B and C It will be noted that the lumen is patent 
throughout and remains within the muscular coats, although diverticulum 
has apparently two cavities (For an explanation of this, compare the gross 
description of Case 6 ) 


borders The broadest one rvas in the former, measuring 1 mm m widti 
was at once apparent that there were seven diverticula in the appendix tiree 
in the mesenteric and three m the antimesentenc border, and one at t le jP> 
which was the largest All of these seemed to be simple protrusions o 
mucosa and submucosa through the musculans, which averaged 2/ 
thickness, except the middle one on the mesenteric side, which wa « 
complicated affair There seemed to be a fold or septum of nmec , s0 

mucosa in the neck of the diverticulum as it passed through the nm 
that in one half of the cut section it appeared as if there were 
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while in the opposite half there appeared to be only one Outside the muscu- 
laris, the diverticulum appeared to have two distinct mucosa lined cavities (Fig 
9) This seemed to be an intermediate stage between the usual simple unilateral 
protrusion of the mucous membrane and the complete deviation of the lumen 
into the diverticulum sac, illustrated in the first four cases 

Mia oscoptc Examination — Longitudinal sections of the appendix taken 
through the middle revealed three of the diverticula, two on the mesenteric and 
one on the antimesenteric border It revealed the tremendously thick mus- 



Fig 10 (Case 6) — Appearance of microscopic section of diverticulum, B, 
shown in Figure 9 The section was made from the half of the appendix 
opposite that illustrated in Figure 9 In this illustration, the lumen, A, passes 
through the muscularis from the proximal portion of the appendix to an extra- 
muscular cavity, B This, in turn, communicates with a second adjacent cavity, 
D via C, and the lumen then passes back within the muscular coats at E G 
indicates a portion of diverticulum C, Figure 9 Although the tongue of sub- 
mucosa, F, apparently occludes the lumen, this condition obtains onlj in this half 
of the appendix and not in the opposite half, illustrated in Figure 9 

cular coat which had a minimum amount of connective tissue in it Two of 
the dnerticula were simple protrusions of mucosa and submucosa through 
muscular defects In the other one, the lumen of the appendix appeared to be 
completeh dnerted, passing through the muscular defect into two mucosa 
lined ca\ lties in the mesenterj which w r ere connected by a narrow passage. 
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and then passing back again through the muscular defect These bulbous 
enlargements were filled with cellular and amorphous debris In the surround- 
ing fat, there were a few round cells and leukocytes There was no evidence 
of acute inflammation (Fig 10) In places where vascular defects without 
diverticula passed through the mucularis, the density of the connective tissue 
surrounding the \eins and lymphatics was demonstrated In one instance, a 
rounded mass of this dense connective tissue with a mass of tortuous vessels 
included m it could be seen capping the muscular defect This reached a 
diameter of 4 mm and was an example of the false diverticulum described by 
Seelig"' The serosa was thickened and edematous, and presented many dilated 
capillaries and lymphatics 



Fig 11 (Case 7) —Photomicrograph of appendix from a man of 20, 
during an acute attack, with a history of four or five preceding attac s 
section shows the tip of the appendix with a diverticulum, A, lined wit i 
passing through a defect in the muscularis At B and C can be seen ragm . ft 
smooth muscle bundles, which have apparently been carried out tor a 
distance with the protrusion of the mucosa 


Case 7-H t sto>y-J R, man, aged 20 single, American, fa ^ had 
pain and soreness in the right lower quadrant for two days ^ The ^ 

not moved for two days Four or five mild attacks of smu ^ 
occurred in the past six months The patient was not us lly Jflwer 

There was tenderness in the right abdomen, most marked The 

quadrant, with rigidity There was rectal tenderness high on g ^ 

temperature was 102 F The white blood cells numbered 16,000, P 

nuclears, 85 per cent 
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Operation (Dr Jameson) —April 18, 1915 Appendectomy with drainage 
was performed The cecum was undescended and of the infantile type The 
appendix was retrocecal, and an abscess surrounded the tip, which was up under 
the liver There was cloudy fluid in the pelvis The patient made a good 
recovery When last seen, twenty-one months after operation, he was per- 
fectly well 

Gioss Examination— (As the specimen has been lost, the following is a cop} 
of the examination made m 1915 ) The specimen was 8 cm in length It was 
sharply angulated at the junction of the proximal 3 cm with the distal 5 cm 
The proximal portion was 1 cm m diameter and, after making the right angled 
turn, it disappeared into a mass of edematous infiltrated fat In the distal por- 
tion, the wall was edematous and infiltrated The mucosa appeared gangrenous, 
the lumen was patent but was filled with purulent and fecal material, 1 cm 
from the tip, there was a diverticulum of the lumen into the surrounding fat 
It projected for a distance of 5 mm and was somewhat bulbous, the broadest 
part measuring 5 mm in diameter The muscularis averaged about 2 mm m thick- 
ness As the appendix had not apparently been cut m a plane passing through 
the mesenteric and antimesenteric borders, no vascular defects could be seen 

Microscopic Examination — Section made through the tip of the appendix 
revealed that the mucous membrane sn this portion was intact and, with the 
muscularis mucosae and submucosa, passed out through a defect in the muscu- 
laris for a short distance, into the surrounding fat All the coats m this region 
were edematous and were infiltrated with leukocytes and round cells This was 
most marked m the extramuscular fat, where, m addition, all the vessels were 
engorged and there had been considerable proliferation of fibroblasts It was 
interesting to note that a few bundles from both the longitudinal and the circular 
muscle coats had been carried outward along the side of the diverticulum nearlj 
to its apex (Fig 11) Aschoff' 3 quotes von Brunn"’' to the effect that this phe- 
nomenon is seen in connection with diverticula which have followed inflam- 
matory damage, and serves to distinguish them from the other type The 
eudence is all in favor of this being an example of a diverticulum resulting 
from a former perforation of the appendix and protrusion of the mucosa, with 
subsequent repair and regeneration of the mucosa within the extramuscular 
tissue 

PERFORATED APPENDIXES 

Case 8 — Histojy — J Z, man, aged 31, married, Hungarian, a janitor, had 
an acute attack of abdominal pain, with constipation, lasting two days, finalh 
localized m the right lower quadrant There had been no previous attacks 
The patient had never been constipated before There were marked pain and 
tenderness in the right lower quadrant and right flank Rectal examination 
nas negative The temperature was 1018 F The white blood cells numbered 
22,000, polvmorphonuclears, 92 per cent 

Opciation (Dr F B St Tohn) — Jan 16 1916 Appendectorm was per- 
formed nith drainage The appendix was retrocecal and had ruptured There 
nas a localized abscess about it, which contained a concretion Culture oi pus 
showed B faccahs alcattqcm s and streptococcus Two \ears after operation the 
patient was perfectU well 

26 \ on Brunn Ueber Dncrtikelbildung bei \ppendicitis Beitr z him 
Clnr 46 67 1905 
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Gioss Examination — The specimen was 4 cm long The proximal half was 
swollen, reddened, and covered with a fibrinous exudate In the antimesenteric 
border, there was an area of perforation nearly 1 cm m length The mucosa 
in this area appeared to be everted and was covered with a thick, greenish yel- 
low exudate The distal half of the appendix was swollen and reddened, but 
was not nearly so much affected as the proximal part With the appendix was 
a fecal concretion which was rounded and firm, and measured about 1 cm in 
diameter 
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Fig 12 (Case 8) —Photomicrograph of a cross section through a perforation 
of an* acutely inflamed appendix The broad defect evolving one third^t^ 
circumference can be plainly seen, and at ^4 and ^ the ex^ ^ wlth 

of the protruded mucous membrane, which at A is practically 

the serosa 

Mici oscopic Examination - The section was 
perforation All of the coats were much distended with ant mesenteric 

infiltrated with leukocytes The defect m the ; lumen . was m , ans had 
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on the other side it extended to a point opposite the middle of the imiscularis 
1 he mn cos *1 within the appendix was relati\el\ intact, hilt the protruded portion 
was denuded of surface epithelium and was represented b.\ edematous granu- 
lation tissue, in which the tubular glands appeared There w-as no ljmphoid 
tissue in am part of the svilimucosa (1* lg 12) 

C\sv 9 — Ihsloiv — S , woman, aged 23, single, Spanish, a dressmaker, 
had an attack beginning about tlurtx hours before operation, of nausea, \omit- 
mg and generalised abdominal pain which later became localised in the right 
lower quadrant Two \cars before she hid had an attack of pam in the right 
lower quadrant, accompanied b\ fc\cr and counting which lasted eight dais and 
during which a mass could he felt in the right lower quadrant She was treated 
with morphin and ice bags 



Fig 13 (Case 9) — Appearance of appendix removed from a woman of 23 
during an acute attack, with one previous acute attack two years before The 
appendix has been divided longitudinally The appendix has perforated, with 
protrusion of the entire lumen The two wire markers have been passed into 
the separated portions The entire nodular area surrounding these two wires 
on the external surface of the appendix is covered with mucous membrane 

Examination — On examination, at the Presbyterian Hospital, there were 
rigidity and tenderness over the lower right rectus, extending out into the 
flank No masses were felt The temperature was 99 F The white blood cells 
numbered 12,000, polymorphonuclears, 81 per cent 

Opeiation (Dr J Greenough) — Aug 8, 1921 Appendectomy was performed, 
with drainage The appendix was buried in dense adhesions and was incorporated 
m the wall of the cecum, starting posteriorly and curving forward along the 
lateral aspect There was an old perforation near the tip, from which the 
mucosa pouted No holes could be found in the cecal wall Pus escaped from 
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the appendix during removal Following operation, the patient had a secondary 
hemorrhage m the wound, suppurating parotid sialadenitis, bed sores on the 
back and heels, and cecal fistula Jan 17, 1922, the cecal fistula was closed by 
operation March 22, incision and drainage of a subhepatic abscess was 
earned out June 10, 1922, all wounds had healed, the patient felt well and 
was gaming weight 

Gioss Evammalion The specimen was 5 5 cm long and markedly curved 
throughout its length It was swollen, reddened, and covered with the shagg} 
remnants of recently separated adhesions Near the tip in the antnnesentenc 
border was a rounded, elevated area covered with reddened mucous membrane 
about 1 3 cm in diameter and raised 5 mm above the surface of the appendix 
In this, there were two pin point openings, one of which was the mouth of a 
tract leading touard the tip of the appendix, while the other was the external 
opening of a tract communicating with the lumen of the appendix toward the 
base On longitudinal section of the appendix, these two mucous membrane 
lined tracts could be seen passing through a defect m the muscularis 6 mm 
wide Thus, there was a complete diversion of the lumen of the appendix into 
the extra-appendiceal abscess cavity The muscularis near the tip measured 
about 1 5 mm m thickness Several broad white bands in the mesenteric border 
of the appendix represented the vascular defects The broadest of these was 
1 mm wide (Fig 13) 

Mici oscopic Examination — We were not successful m getting a section which 
included both tracts in the same slide However, they showed the mucosa and 
submucosa passing outside of and well beyond the muscularis and then turning 
outward and downward until it met the serous coat at a considerable distance 
from the point at which it passed through the muscular defect It was well 
formed, and, in its extra-appendiceal portion, the cells making up the glands 
were mostly of the goblet variety The coats of the appendix were somewhat 
edematous, but presented only a very moderate infiltration with leukocytes and 
round cells 


PROTOCOLS OF EXPERIMENTS 

Evpct uncut 1 — A young adult female mongrel of the hound type, weight 
about 25 pounds (114 kg), was operated on, Oct 27, 1921, under ether anes- 
thesia, the appendix and cecum being delivered into the upper part of a right 
rectus incision The appendix had a separate mesentery and, except for the 
t,p, was bound down closely to the cecum It emptied easily into the cecum 
and refilled almost immediately as soon as the pressure was removed An area 
6 by 8 mm near the tip was denuded of serosa, subserosa and muscularis y 
sharp dissection with the knife At once, the submucosa and mucosa bulge 
tnrough the defect, forming a dome shaped swelling 4 mm in height Att e 
same time, it was noted that the appendix contracted both in diameter an 
in length, and its wall became very hard After some seconds, this muscu a 
spasm was relaxed, and, comcidently with the softening of the appen i-x wa^ 
and the increase in its dimensions, the diverticulum appeared slight y 
prominent and its walls slightly less distended It never dlsa P? ear ™ he 
ligature, together with an attached piece of omentum, was now tie a 
middle of the appendix, patterns through a hole m the .eeenterto 
constricted the appendix considerably, and it was hoped that with 1 J naI 
of scar tissue, a permanent obstruction would be obtained it 

wound was then closed . j 0 f that 

The dog, which had been suffering before from distempe , ^ a 

disease, Nov 18, 1921, twenty-two days after the operation A 
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moderate number of adhesions of omentum to the appendix were found The 
terminal ileum, cecum, ascending; colon and appendix were rcmo\cd from the 
bod\ eti masse and distended with liquor formaldchuh (formalin) before being 
studied 

Gioss Examination — The diverticulum was now about 8 mm in diameter 
and passed through a muscular defect 5 mm m diameter It was, therefore, 
slightly larger than before Where the omentum and silk ligature w'ere tied 



Fig 14 (Experiment 1) — Appearance of distal portion of dog’s appendix 
showing experimentally produced diverticulum twenty-two days after the mus- 
cular defect was made Above is a drawing made from a microscopic section 
of the area included between the heavy lines in the sketch It shows at A and 
A the ends of muscle coats with the protruding mucosa and submucosa passing 
out to form an extra muscular pouch Attached to the apex of the diverticulum 
is a torn adhesion 


about the appendix, the lumen was decreased to one half in its diameter, but 
there was no obstruction 

Mici oscopic Examination — A section through this diverticulum was identical 
with that of acquired diverticula m the human appendix It showed a 
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protrusion of mucosa, museularis mucosae and submucosa through a muscular 
defect Attached to the exposed submucosa was some adherent omentum 
(Fig 14) 

Eipo nnen t 2 —A small male mongrel was operated on Dec 30, 1921, under 
ether anesthesia, the technic being a repetition of that employed in Experiment 
1 In this case, two defects were made one, 5 mm square, bv excision of 
muscular coats, the other, by a simple incision 1 cm long down to the sub- 
mucosa In this case, there was a bulging of the submucosa and mucosa 
through the defects when the appendix contracted, but it was not marked and 
almost disappeared with relaxation A thick doubled silk ligature was tied very 
tightly about the middle of the appendix, so that the lumen was obstructed 

The dog underwent another experiment performed on his spleen during the 
same operation, and died two hours later, with shock and mesenteric throm- 
bosis At necropsy, the appendix was found covered with fibrinous exudate 
and a small amount of blood It was soft and flaccid , and, although there was 
a slight bulge of mucosa and submticosa through the defect, there was no true 
protrusion forming a sac as in Experiment 1 

Mtcioscopic Examination — Section showed that the museularis had been 
completely removed and that the mucosa bulged through to the level of the 
surrounding serosa 

Ex pet uncut 3 — A young adult female mongrel terrier was operated on, 
March 20, 1922, under ether anesthesia, the appendix and cecum being mobilized 
and the appendiceal-cecal junction carefully freed, care being taken to injure 
as few as possible of the large vessels in the mesentery After crushing with 
clamps, the base of the appendix was divided, phenol was applied to the stump, 
and it was inverted into the cecum and buried by suture The distal divided 
end W'as first onened, so that a small piece of cork about 8 mm in diameter 
could be inserted into it, and then phenol rvas applied, and it was inverted and 
buried by suture There was some soiling by appendiceal contents during this 
stage of the operation A defect 5 mm square was made in the wall of the 
appendix over the cork, exposing the submucosa At once, the appendix con- 
tracted, and the mucosa and submucosa protruded through the defect, 
forming a small dome shaped swelling about 2 mm high This persisted The 
wound was then closed This operation produced a completely segregated 
appendix with a foreign body in it and a diverticulum 

The dog developed distemper, and died April 10, twenty-one days after 


operation 

Ncciopsy (April 11, 1922, txventy-seven hours after death ) —T here was a 
suppurative tracheitis, bronchitis and beginning bronchopneumonia Consi 
erable postmortem discoloration was noted in the peritoneal cavity The region 
of the appendix was completely covered with firmly adherent omentum W ien 
this was separated, the appendix was found lying just as at operation ,e 
diverticulum was well defined and appeared as before The cork was now m 
the lumen, but slightly nearer the tip There was no distention of the segreg * aI 
appendix The intestines were empty except for a minimal amount o 
material m the large intestine The duodenum, with the P anc J r eaS )d , " 01lid 
mesentery, had become intimately adherent to the site of operation 
£ iked only av.th d.fficultj through the cecum After thstent.on ""* h 
whofe area »as removed for stud, When 
opened, it was found that the appendix had perforated and there 
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abscess cavity outside the base, the vv ills of which were formed by the cecum, 
duodenum and pancreas The cork la\ just bevond the site of the diverticulum 
The lumen of the appendix was not dilated, averaging 3 to 5 nun in diameter 
It contained some cloud\ fluid mixed with debris The diverticulum measured 
1 cm where it passed through the niuscularis, and it projected for a distance of 
3 mm abo\c the surrounding serous surface 1 he cecum, where the wall had 
been inverted, was sharpie angulatcd and its lumen reduced to a semilunar slit, 
6 mm from horn to horn and 0 5 mm at its broadest jioint There was fecal 
material, however, on both sides of tins nirrowed area 

Mi notcopic Culmination —Sections of the diverticulum revealed a bulging 
of submucosa musculans mucosae and mucosa through a defect m the mus- 
cularis None of the niuscularis remained over the denuded submucosal surface 
Sections made through the point of perforation of the appendix and the abscess 
cav ltv revealed that the walls of the latter were made up of adherent duodenum 
and cecum, both of which were relatively normal except that the serosal sur- 
faces were covered with a necrotic laver where thev bordered the abscess 
cav ltv, and there was a portion of pancreas which presented extensive degenera- 
tive and fibrotic changes The abscess cavitv contained main mononuclear 
cells and a few lcukocvtcs, together with much amorphous debris 

Expnimcnt 4 — \ dog which was about to be killed was selected and 
anesthetiscd with ether *\ defect 4 mm square was made in the appendix 
near its tip, down to the submucosa The snbmucosa and mucosa at once 
protruded from 2 to 3 mm through the defect and at the same time the strong 
muscular contractions which involved the entire organ made it hard shorter 
and of smaller diameter It was observed for some minutes, during which time 
the muscular contractions were relaxed and then it contracted once more Dur- 
ing the period of relaxation, the diverticulum seemed to become somewhat 
flaccid, although its total projection was not less 

A metal syringe was now passed through a slit in the cecum up into the 
appendix and a silk ligature tied lbout the appendix base over the nozzle, in 
an attempt to make the appendix a closed cavity Water was then injected At 
first, the lumen of the appendix filled with water, which passed into the 
diverticulum, and it stood out as a firm, smooth hemisphere above the sur- 
rounding serosa As more and more water was injected, the diameter of the 
appendix continued to grow greater, and as it did so, the projection of the 
diverticulum above the surrounding serosa grew steadily less, until there was 
no longer any projection at all, although the muscular defect had practically 
doubled m diameter With all the force which could be exerted through the 
syringe, an attempt was made to burst the appendix, but this did not occur, 
as the increased tension caused the ligature tied about the base of the appendix 
to cut through so that it leaked at this point The attempt was repeated 
several times, with the same result The dog was then killed 

Experiment 5 — A dog was killed with chloroform, and the peritoneal cavity 
was opened and left exposed to the air From time to time, bits of serosa and 
musculans were excised from the wall of both the large and the small intestine 
Each time, there was the usual muscular contraction, resulting m the narrow- 
>ng and shortening of the segment injured and a protusion of the submucosa 
and mucosa through the defect As time passed, the force of the muscular 
contraction grew more feeble until, about four hours after the death of the 
animal, there was no longer any i espouse to the injury The extent of the 
protrusion through the gap was variable, and seemed to be influenced by the 
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amount of the contents of the lumen When a loop was emptied of its contents, 
how e\ er and a defect then uncle with the contraction of the muscular tissue 
there w as a protrusion 

When theic was no longer anj response ol the muscular tissue to injur}, 
a defect was made through the muscuHris of the appendix, exposing the sub- 
mucosa, but no protrusion occurred through it It was possible, bj manipula- 
tion to force some of the loose flaccid mucosa and submucosa through the gap, 
and w'hen manipulation ceased a fold remained projecting ver\ slightl} through 
the gap When this procedure was repeated m the intestine, the results \aned, 
if the loop selected was not empt\, a protiusion followed the defect, if it was 
empt\ no protrusion occurred 

A sjrmge was then inserted through the cecum into the appendix and tied 
into place When it was distended through this as m Experiment 4, the first 
result was the protrusion of the fl iccid mucosa and submucosa, forming a 
smoothie rounded hemisphere abo\e the surrounding serosa With the tension 
increased, the sequence of events was exacth the same as m Experiment 4 
The diameter and length of the appendix slowh increased while the projection 
of the diverticulum grew stcadih less, until it ceased entirely Attempts to 
burst it succeeded onlj in causing leaks where the ligature was tied about the 
base of the appendix 

Exj>itnncnt 6 — C D, aged 33, married, American, a housewife, during the 
precious four months had had three attacks of acute, cramplike pam, starting in 
the epigastrium, and radiating to the lower quadrant and around both sides to the 
back, with counting \ bowel moccment gace relief The attacks lasted about 
one da}, and tenderness persisted in the right lateral quadrant after attacks 
On examination, there evas tenderness m the right lower quadrant and right 
fornix The white blood cells numbered 10,600, polymorphonuclears 70 per 
cent The temperature ccas 98 8 F Wig 25, 1922, three dacs after admission 
appendectomy ccas performed by Dr Freeman Jr supercised by Dr W B 
Parsons The appendix evas retrocecal and tevisted on itself The proximal 
tcco thirds evas covered b} a vascular veil 

This appendix evas taken immediately after removal and laid on a cork mat 
beside a millimeter scale A defect 6 by 6 mm ccas made through the mus- 
cularis of the antimesenteric border near the tip When first laid out, the 
length of the appendix evas 7 2 cm and the average diameter 6 5 mm At the 
end of fifteen minutes, it measured m length 6 cm and in diameter 7 5 mm At 
the end of one hour, it measured in length 5 5 cm and in diameter 7 5 mm 
During the first feev minutes, the submucosa and mucosa pouted through the 
muscular defect until they projected 1 mm beyond the serosa They remained 
m this position without change during the rest of the hour of observation 

The appendix evas then distended with fluid through the cut end It passed 
freely to the tip and, with the inflow of fluid, the appendix increased in length 
up to 7 cm, and the projection of submucosa and mucosa through the defect 
returned evithin the muscular wall, so that the diverticulum evas ironed out 
and disappeared 

The appendix evas then fixed in liquor formaldehydi On longitudinal section, 
the muscularis evas found to vary from 0 4 to 09 mm m thickness Microscopic 
sections revealed some scarring of the inner muscular coat and round cell 
infiltration of all the coats 

The patient made a good recovery, and the appendix evas believed to have 
been the seat of the trouble 



PRIMARY CARCINOMA OF THE MALE URETHRA * 
HERMAN L KRETSCHMER, MD 

CHICAGO 


Carcinoma of the male urethra is generally considered a rare disease 
In 1907 Preiswerk 1 reported two cases and made a careful review of 
the literature, which at that time contained reports of forty cases, to 
which he added his two 

Since 1907 isolated case reports have been published, but, as far as 
I am aware, no extensive review of the literature has appeared In a 
recent review, I have been able to find reports of thirty-seven cases, 
but some of these were published prior to 1907 and evidently were 
overlooked by Preiswerk If this number is added to the forty-two 
cases previously reported, the total is seventy-nine With the case 
recently under my observation, which I shall report herewith, the total 
number at present is eighty J W Thompson Walker’s 2 three cases, 
because of the lack of data, are not included in the foregoing calculation 
Aside from the interest in this disease, due to its rarity, the 
case herewith reported is interesting because of its pathology The 
gross and microscopic pathology was that of a papillary carcinoma, a 
rare type of urethral carcinoma, since the largest number hitherto 
reported have been of the pavement or squamous-cell type In addition 
to the papillary carcinoma, the entire urethra was studded with benign 
papillomas 

REPORT Or CASE 

Htstoiy — Dr N, aged 53, referred by Dr Ralph Hissem, was admitted to 
the Presbyterian Hospital, Feb 16, 1921, complaining of swelling, induration 
and tenderness of the shaft of the penis with fistula formation, enlarged 
inguinal glands , frequency and burning on urination, and urgency and dribbling 
afterward He had had the usual diseases of childhood There was no history 
of venereal disease Twenty-five years previously, a large mass of papilloma 
had been removed from the urethra with a curet 

In November, 1920, the patient had experienced some irritation about t e 
glans There was a discharge from the urethra, perhaps due to the presence 
of a very long prepuce He had had similar trouble several times, because o 
a long prepuce, and he had consulted a physician who advised argyrol m;ec 
tions, but by mistake he had used Hartzell's solution ( 10 dm crystals, SO grams, 
zinc lodid, 15 grains, potassium lodid, 15 grains, water, ounce, and g ycerin, 
y 2 ounce) In about an hour, the prepuce became enormously swo en, 
next day blood exuded from the meatus, followed several days a er 
swelling of the penis Difficulty of urination occurred, and his con i 


* Read before the Chicago Pathological Society, Feb 12, 1923 

1 Preiswerk Ztschr f Urol 1 273, 1907 Gen)t0 

2 Walker, J W T Surgical Diseases and Injuries of « 

Urinary Organs, New York, Funk and Wagnalls Company, 191 
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became worse An abscess formed on the inferior surface of the penis, which 
was hnced, December 15, resulting m the formation of a urinary fistula which 
had been present ever since, the opening having increased m sire on account 
of an overgrowth of what was diagnosed at that time as granulation tissue 
Numerous small abscesses had formed since, causing multiple fistulas Acute 
retention occurred about the middle of December, at which time Dr Hissem 
made a dorsal slit m order to expose the meatus The penis was swollen to 
the sire of the patient’s forearm He hid fever toxemia and extravasation of 
urine Sounds up to a No 31 were passed tinder ether and an indwelling 
catheter was inserted for four davs The bladder was irrigated because of 
pus, and sounds were passed cverv two or three davs The large swes produced 
bleeding 

It was never noticed that the inguinal glands were enlarged until the last 
few davs before admission Tlicv were never tender Frequency had been 
present until a month previous!} Burning was present in the urethra during 
urination Urgency was severe the patient being unable to retain the urine 
at times Dribbling occurred after urination There was no hematuria, epi- 
didymitis no r backache 

Physical Examination — The patient presented the appearance of a fairly 
strong man He was of slight build, and apparcntlv was not acutely ill 
Examination of the heart and lungs was negative Neither tenderness nor 
masses were discovered in the abdomen 

Genitalia Examination of the testicles was negative, the spermatic cords 
were tender but not enlarged The inguinal glands on both sides were enlarged 
and slightly tender The penis was greatlv enlarged, being 7 cm in diameter 
and about 20 cm in length On the lower surface, about the middle, was a 
mass of red granulation tissue, 3 5 cm in diameter Beside it was a fistula, 
1 cm in diameter The urine flowed through this mass on urination The 
shaft was very hard, not very tender and moderately reddened, and the indura- 
tion extended down to the symphysis and then stopped Posteriorly, it could 
be felt extending to the perineum The prepuce was very thick Pus was 
present at the meatus 

Rectal Examination The prostate was small and soft, and the seminal 
vesicles were palpable 

Blood Examination Leukocytes numbered 10 300 hemoglobin, 69 per cent 
Blood pressure was systolic, 155, diastolic, 84 The YVassermann reaction was 
negative 

Operation — Feb 26, 1921, under ether anesthesia, amputation of the penis, 
transplantation of the urethra into the perineum and removal of the inguinal 
glands en masse were carried out The first step in the operation was the 
removal of the inguinal glands The patient made an uneventful recovery 

Histologic Examination — The pieces removed from the large tumor showed 
papillary carcinoma 

Inguinal Glands Six different sections from six different glands revealed 
no evidence of carcinomatous infiltration The glands were filled with large 
numbers of round cells The diagnosis was chronic adenitis 

PATHOLOGY 

Primary carcinoma of the male urethra may be classified as follows 
(1) squamous-cell carcinoma, (2) columnar-cell carcinoma, (3) papil- 
lary carcinoma, and (4) adenocarcinoma 
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The squamous-cell carcinoma is, by f ar the mnct f 
carcinoma which occurs m the urethi i Tn p f f e q^ent type of 
thirty-nine cases, thirty-one belonged to thm tabuIatlon of 

cases collected in this review twenty four , In the thirty ' SIX 

— of - — -X: ZX&X. ££ 



Carcinoma of the urethra showing the presence of carcinoma just behind the 
glans Two benign papillomas are seen just above the line of amputation 


of the case reports a diagnosis of carcinoma was made without stating 
the type of the cells Normally, the prostatic urethra is lined with 
transitional epithelium and the penile urethra with columnar epithelium, 
only the fossa navicularis having squamous epithelium The develop- 
ment of a squamous-cell carcinoma of the penile urethra can be 
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explained on the basis of metaplasia, as a result of which patches of 
leukoplakia form, which then undergo malignant degeneration In the 
same manner, squamous-cell carcinomas occurimg in other parts of the 
other urmaiy organs (in parts which do not normally contain squamous 
cells), such as the kidne\ pehis and the urinar} bladder, can be 
explained 

Columnar-cell caicinomas are quite r.ire On'} one of Preiswerk’s 
collected cases belonged to this t\pe, the one leported by Cabot Of the 
cases in this series none was columnai -cell carcinoma 

The papillan carcinoma is as rare as the columnar-cell variety 
Preiswerk included onh one case of this type, the one reported by 
Buda} Subsequenth, cases of this t}pe were reported by English ’ 
The case reported in this paper showed, besides a large papillary 
carcinoma, many benign papillomas It may be stated until reason that 
one of the pre\ioush benign tumors had undergone malignant change, 
a somew’hat analogous condition occurring in certain bladder tumors 
When adenocarcinoma is found, the consensus of opinion is that its 
source is most frequenth in Cow per s glands, hence this type has been 
considered as prnuar} in Qnvper’s glands w'lth secondary imasion of 
the urethra In rai e instances, it may happen that the tumor originates 
in some of the urethral glands, in which case it would be classified as a 
true adenocarcinoma 

The carcinoma maj spread along the mucous membrane of the 
urethra As the tumor enlarges, the lumen of the urethra is encroached 
upon, and the symptoms of stricture supervene At times it extends into 
the spongy bodies, and not infrequently grow r s outward so that a 
palpable mass is present Infection is a concomitant of the tumoi , 
hence suppuration ensues, and the clinical picture is that of a peri- 
urethral abscess Later fistulas may form with escape of urine through 
the fistulous opening In the course of the disease, there is an early 
involvement of the inguinal glands, record of which involvement has 
been stated in fifteen cases In one case, involvement of the lumbar 
glands was found at necropsy ( Montgomery 3 4 ) 

ETIOLOGY 

Nothing is known regarding the etiology, although several factors 
have been mentioned as playing a predisposing role 

Age The one constant factor of importance, as in other forms of 
carcinoma, is age, the tumor being essentially one of advanced or late 
adult life The youngest patient whose case is reported w r as 38 years 

3 English Folia urolog 1 38-76, 1907-1908 

4 Montgomery Med Chron 1 190-193 1901 
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old (Ropke 3 ), and the oldest, 74 (Peacock 0 ) Between the ages of 
30 and 39, one case has been reported , between 40 and 49, seven cases , 
50 and 59, eighteen cases, 60 and 69, seven cases, 70 and 79, two 
cases, and the age was not stated in two cases 

Stricture Several authors have mentioned a history of long- 
standing stricture But, on the other hand, no history of stricture was 
found m a large number of cases, and many of the patients denied 
previous urethral infection, a matter reported by Barney, 7 Bierbaun,, 8 
Bonzani, 9 Hall, 10 Ropke, Montgomery, Platte, 11 Olivier and Clunet, 12 
Romano, 13 Shattuck, 14 Scott 13 and Van Hook 10 Stricture should be 
regarded as a factor only so far as it might produce metaplasia or 
leukoplakia of the urethral mucosa An important point to remember, 
and one bearing on the subject of stricture, is that carcinoma maj 
produce symptoms of stricture early in the course of the disease, and 
these symptoms may be wrongly interpreted 

Previous Venereal Disease Since gonococcus infection of the 
male urethra is common, and carcinoma of this part of the body is rare, 
the assertion may be made that the gonococcus plays little, if any, 
etiologic role in the production of this disease A positive history of 
previous gonorrhea is mentioned by Barney, Braasch and Scholl, 17 Co n- 
forti, 18 Deveze, 19 English, Menard, 20 Michon, 21 Ottow, 22 O’Neil and 
Rizzi 23 

Regarding the part that pieexistmg local urethral conditions mav 
play, it might be stated that m the case reported in this paper, the 
patient made the statement that twenty-five years previously many small 
papillary tumors were removed from the urethra by means of a curet, 
and many were found m the urethra after it was opened following the 

5 Ropke Arch f khn Chir 78 233, 1905 

6 Peacock Brit M J 1 138, 1910 

7 Barney, J D Boston M & S J 207 790, 1907 

8 Bierbaum, K Inaug Diss , Leipzig, 1912 

9 Bonzani Folia urolog 3 491, 1908-1909 

10 Hall, J B Ann Surg 39 375, 384, 1904 

11 Platte Med Chron 44 94-98, 1906 

12 Olivier and Clunet Bull et mem Soc anat de Paris 132 735, 1907 

13 Romano Riforma med 28 957, 1912 

14 Shattuck Tr Path Soc Lond 58 199, 1906-1 907 

15 Scott Bull Cleveland General Hosp 1 30, 1899 

16 Van Hook Chicago Med Rec 12 303, 1897 

17 Braasch, W F, and Scholl, A J , Jr Ann Surg 76 246 (Aug) 

18 Conforti Clin chir 16 315 (Feb 28) 1908 

19 Deveze Montpel med 20 193, 1905 

20 Menard Bull et mem Soc anat de Paris 135 394, 1910 

21 Michon Ass frang d’urol Proc-verb 15 342, 1911-1912 

22 Ottow Ztschr f Urol 7 30, 1913 

23 Rizzi Ztschr f Urol Chir 7 1 (July) 1921 
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amputation Whcthci the^e papillomas arc to be consideied as picdis- 
posing factors ma\ be questioned However, since papillomas in tbe 
bladder often undeigo malignant change theie is no reason wdn tbe 
same phenomenon cannot take place m urcthial papillomas 

Of furthci intei cst m tins connection is tbe patient s statement that 
be attributes bis present condition to the use of an injection into tbe 
urethra of Haitzell’s solution '■Mine Ins condition dc\ eloped so lapidly 
aftei tbe use of tins injection it seems icasonable to assume that tbe 
injection fanned the eaicinoma into actnitv 1’noi to the injection, tbe 
tumor ma\ not ha\c been noticed In tbe patient 

S'! Ml'IOMS 

Fn <■/ Stage — Haih in tbe com sc of tbe disease, tbe sjmptoms are 
practicalK ml Often the fust symptoms noted by the patient are those 
associated with stricture, which are caused In tbe obstruction produced 
witlun tbe lumen of tbe urethra In the tumor Often tbe piesence of a 
discharge first attiacts the patient's attention to Ins local condition 
Discharge was noted In Bainct, Alenaid, Alontgomen, Ottow’, Pea- 
cock, Platte, Ri77i, O'Neil, Shattuck, Ropke, W S Scott, and m my 
patient In O’Neil’s case, there weie gonococci in the discharge, and 
in Ri/zi’s case, tbe discharge was blooch Definite obstruction to 
urination was noted by Bicrbaum, English, Peacock, O’Neil, Rrnzi and 
Tansini 21 

Because of these symptoms in the carlj stage of tbe disease, the 
clinical picture is often confused with stricture, and tbe jncture is still 
further complicated if tbe patient develops complete retention of urine 
after symptoms of urinary obstruction have been present foi sometime 
Retention of urine is not an uncommon symptom Its presence was 
recorded by Barney, Bierbaum, Bonzoni, Deveze, O’Neil, Olivier and 
Clunet and Ropke A history of stricture w>as mentioned by Anzilotti, 25 
Barney, Bierbaum, Bonzani, Braasch and Scholl, Deveze, Alontgomery, 
Platte, Paul, 20 Ropke, O’Neil and Scott 

However, one should not forget that the carcinoma produces an 
obstruction which is a malignant stricture This fact should be borne 
m mind in eliciting the history, particularly when trying to establish 
a history of previous stricture 

Second Stage — This stage of the disease may be characterized by 
the formation of a local tumor which may be the first symptom noted 
by the patient, hence this is the condition which causes him to consult 
a physician Tumor is a common finding later in the course of the 

24 Tansini, quoted by Bonzani (Footnote 9) 

25 Anzilotti Clin chir , Milan 12 60, 105, 1904 

26 Paul Lancet 1 1127 (June 20) 1885 
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disease, as noted by Anzilotti, Barney, Bierbaum, Bonzam, Conforti, 
Deveze, English, Hall, Woods, Montgomery, Legueu , 27 Olivier and 
Clunet, Platte, Romano, O’Neil, Rizzi and Scott 

Thnd Stage — As the disease progresses, infection supervenes, and 
there is superimposed the picture of a periurethral abscess, which has, 
indeed, nothing characteristic about it to distinguish it from any other 
type of periurethral abscess If a patient with this type of abscess is 
brought into the hospital as an emergency case, the malignant nature 
of the condition is often not recognized, and this oversight can be 
readily understood Periurethral abscess formation was present in 
cases repoited by Barney, Hall, Lavenant, 2S O’Neil, Van Hook, Con- 
forti, Deveze, English, Montgomery and Paul 

Fowth Stage — Still later, the clinical picture is further complicated 
by the piesence of fistulas Urinary fistulas occurred in the cases 
reported by Anzilotti, Barney, Bonzam, Conforti, English, Hall, Mont- 
gomery, Legueu, Lavenant, Menocal , 20 Platte, Van Hook, O’Neil, Paul 
and Ropke 

As a rule, the opening of the fistula, or fistulas, is on the under- 
surface of the penis , but it may be found on any surface Thus, in 
Legueu’s case it was found on the dorsum of the penis 

TREATMENT 

Just as soon as the diagnosis has been made, nothing short of a 
radical operation should be employed, namely, amputation of the penis 
with transplantation of the urethra and complete extirpation of the 
inguinal glands This type of operation was carried out in the case 
reported in this paper When the patient was last heard from, two years 
after the operation, there were no signs of recurrence 

If the diagnosis is made early, that is, when the tumor is small and 
before there is involvement of the regional lymph glands, one might 
resort to the use of radium 

27 Legueu Med mod 15 313, 1904 

28 Lavenant Bull et mem Soc anat de Paris 129 666, 1904 

29 Menocal Rev de med y cirug de la Habana 13 133, 1908 



THE PATHOGENESIS OF PEPTIC ULCER' 
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E M BELL, MD 
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The etiology and pathology of gastnc and duodenal ulcer have 
attracted the intci cst of mvcstigatoi s and clinical observers since the 
time of Crmcilluei, the moic because of the fact that no satisfactory 
explanation has appeared Mam theories ha\e been advanced, based on 
experimental imestigation and clinical obscivation, and as many 
counter-theories and refutations, based on equal 1) good material, have 
been called up m answei The literature, therefore, abounds m prob- 
able theories of the causation, but everywhere one is impressed by the 
dnersit) of opinion and the vancty of the a\enucs of approach employed 
by the lm estigators 

Our interest m the question was aroused by the observations 
reported from this laboratory by Ellis, 1 who found, m a few* cases 
hemorrhagic erosions and e\cn pci f orating ulcers in the stomach and 
duodenum of dogs after the mtiavenous injection of toxins isolated 
from animals with a high intestinal obstruction Erosions and ulcers 
were also seen after the removal of the suprarenal bodies, an occurrence 
which has been reported by Firm, 2 Mann, 1 Friedman, 4 Silvestn, 0 and 
others The interesting observation was also reported bv Ellis, 1 that 
the content of the intestine after double suprai enalectomy, contains a 
poison identical with, or similar to, that found after high intestinal 
obstruction The object of our experimentation w*as the attempt to 
produce ulcers by a functional high obstruction, by means of a blind 
duodenal pouch, and later by looping the upper intestine in various 
ways to produce chronic stasis 

*From the Department of Surgical Research, University of Pennsylvania 
School of Medicine 

1 Ellis, J W The Cause of Death in High Intestinal Obstruction, Ann 
Surg 75 429 (April) 1922 

2 Finzi, O Ueber Veranderungen der Magenschleimhaut bei Tieren nach 
Nebenmerenextirpation und uber experimentell erzeugte Magengeschwure, 
Virchows Arch f path Anat 214 413, 1913 

3 Mann, Frank Gastric Ulcer Following Removal of Adrenals, J Exper 
Med 23 203 (Feb ) 1916 

4 Friedman, G A Probable Endocrine Origin of Peptic Ulcer, J A 
M A 71 1543 (Nov 9) 1918 

5 Silvestn, T Endocrine Origin of Gastnc and Duodenal Ulcer, 
Pohchmco 27.673 (June 28) 1920 
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It has been pointed out by many observers that the acute and chronic 
peptic ulcers are distinct from the superficial hemorrhagic erosions 
so often found m diseased and cachectic conditions Our own observa- 
tions were based on the assumption that a peptic ulcer is a circum- 
scribed loss of tissue m the wall of the stomach or duodenum, sur- 
rounded by an area of reactive inflammation, and involving one or all 
of the coats of the intestine Cruveilhier, 0 quoted by Bolton, 7 initiated 
the idea that chronic ulcer originated m acute lesions , and Rokitansky * 
subscribed to this view Bolton believes that most acute ulcers heal 
rapidly, and that chronic ulcers result only from unhealed acute lesions 
We accepted this view m our consideration of the problem, and 
advance the hypothesis that failure to heal, i e , the chromcity of the 
ulcer, results from the continued pull of the muscle fibers about the 
margins of the ulcerated area An ulcer which did not primarily 
extend into, or through, the musculans would not become chronic, 
but would compare with the hemorrhagic erosion and readily heal 
In this connection, it is significant that Wilensky and Geist 9 reported 
that micro-organisms, isolated from human peptic ulcers and intro- 
duced into surgically produced ulcers in animals, have no influence in 
retarding healing or in the production of the chronic indurated ulcer 
Ivy, t0 in describing the healing of the acute ulcer, points out the 
importance of the piohferation of connective tissue m the submucosa 
about the ulcer and the binding of the edge of the ulcer to the con- 
nective tissue base Our conception of delay in healing is based on 
the assumption that the muscle fibers exert tension on the edges, 
preventing a reduction m size and the anchorage of the edge by con- 
nective tissue, and exerting the same influence on the healing process 
that constant movement exerts on a varicose ulcer of the leg 

Smithies 11 and Carlson 12 have produced evidence to show that 
high acidity of the gastric juice can have no influence in either the 
cause of ulcer or delay in healing Bolton 1 and Friedman and Ham- 
burger 18 secured delay in healing of acute ulcer by producing a partial 


6 Cruvedhier Essai sur 1’anatomie pathologique en general 2 54, 30 

7 Bolton, Charles Ulcer of the Stomach, London, 1916 

8 Rokitansky Lehrbuch der pathologischen Anatomie (Sydenham Society; 


2 31 1849 

9 Wilensky, A O, and Geist, S H Experimental Studies in Production 
of Chronic Gastric Ulcer, J A M A 66 1382 (April 29) 1916 

10 Ivy, A C Studies on Gastric and Duodenal Ulcers, JAM 

11 Smithies, Frank Significance of Etiologic Factors in the Treatment 

Pentic Ulcer, JAMA 74 1555 (June 5) 1920 

12 Carlson, A J The Control of Hunger in Health and Disease, u 6 - 


University of Chicago Press, 1916 

13 Friedman, J C, and Hamburger, W W 
Ulcer, J A M A 63 380 (Aug 1) 1914 


Experimental Chronic Gastric 
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pyloric stenosis The foimer s.i) s that the ictention of bacteria and 
acidulated food causes continued infection and lrntation of the ulcer, 
with the migration of leukocytes to the site and ncciosis of the base, 
thus hindeiing the growth dounwaid of icgeneiatmg glands The 
process then lesults m the c\ccssi\c foim.ition of seal tissue, over 
which the mucous membrane fails to grow It seems reasonable that 
the stenosis sets up hj pcrperistalsis, with icsultant pull of the muscle 
fibers about the margins of the lesion 

On the basis, then, that all peptic ulcers start as an acute lesion, 
some perforating the majority healing, the olheis progressing to a 



Fig 1 — The arrangement of the glands along the two curvatures of the 
stomach (after Jouvenel) 


chronic stage, we endeavored to reproduce acute ulceration by functional 
obstruction of the duodenum The animals used were dogs, under 
strict conditions of etherization and asepsis The operation consisted 
of section of the duodenum at varying distances from the pylorus, 
ranging from 10 to 30 cm , closure of the cut ends, and anastomosis 
between the stomach and the distal segment of the small bowel The 
dogs that survived showed the characteristic hypertrophy and distention 
of the blind duodenal tube, with erosions and hemorrhages In no 
case could a distinct peptic ulcer be found 
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The next supposition was that a chronic functional obstruction 
could be used as a condition favoring a low-grade, chronic toxemia, 
which might induce the formation of ulcers Moymhan 14 points out 
the existence of a condition which might be the expression of a toxemia 
of intestinal origin, preceding the clinical signs of ulcer “About one 
fifth of the patients who have gastric ulcers complain not only of 
pain, but of great prostration, feebleness, or lassitude coming on just 
at the tune when pam is due On close inquiry, this most distressing 
symptom may be found to have preceded the experience of pain by 
weeks and months The periodicity of the two is identical ” 

Lane 15 attributes the formation of ulcer to stasis in the duodenum 
Renon and Blamautier lfi report perforations of the small bowel in the 
course of rectal carcinoma, and attribute the cause of ulcerations 
preceding perfoiation to the prolonged stagnation of intestinal chyme 
and marked pathogenic activity of the bacterial flora of the intestine 
Finally, Wilkie 17 states that chronic duodenal ileus is sometimes found 
m association with duodenal and gastric ulcer, and says that in cases of 
rapid collapse and death aftei the perforation of a duodenal ulcer, the 
signs of chronic duodenal obstruction should be looked for 

Our first technic, designed to produce an artificial duodenal stasis, 
involved the section of the leflection of peritoneum attaching the 
duodenum to the posterior abdominal wall , the twisting of the duode- 
num on itself to make a partial volvulus of mild degree, and the 
anchoring of the loop by suturing it to the stump of the peritoneal 
reflection All the animals that recovered fiom the operation continued 
to live an apparently normal existence and showed no signs of ulcera- 
tion in the intestine 

Fol'owing this, we attempted a paitial functional obstruction by 
surrounding the duodenum, at a level of about 14 cm fiom the py ortis 
with bands of fascia dissected fiom the lectal sheath The results in 
this series were as inconclusive as m the preceding cases The walls of 
the duodenum proximal to the obstruction showed nothing more con- 
vincing than thickening and distention, with moderate infiltration of the 
mucosa by blood 

The next step was the production of a blind duodenal loop, wit i 
drainage through the distal segment, from a point above the loop or 


14 Moymhan, B G A Essays on Surgical Subjects, Philadelphia, W B 

Saunders Company, 1921, p 73 T , , c . ocl . xr ew 

15 Lane, W A Operative Treatment of Chronic Intestinal Stas , 

York, Oxford University Press, 1918, p 44 Intes . 

16 Renon, L, and Blamautier, P Ulcer and Perforation of Sma II ^ 
tine in Case of Rectal Carcinoma, Bull Acad de med, Paris 85 715 (J 

192 ]7 Wilkie, D P D Chronic Duodenal Ileus, Brit M J 2 793 (No\ 12) 
1921 
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from the stomach The duodenum was sectioned at a level about 25 
cm fiom the pyloius and the pioxunal end earned hack to be intro- 
duced into the duodenum abo\c, by end-to-end anastomosis The distal 
end was then introduced into the duodenum abo\c the blind loop, in 
some cases, in other cases, into the stomach The purpose of the 
operation was not to pioducc an absolute obstruction, but to establish a 
chronic functional obstiuction, whcie stasis and a source of toxemia 
might be set up 

The results here ueie somewhat more encouraging No dogs died 
of acute symptoms referable to gastro-intestmal disturbances Dogs 
making complete and unc\cntftil recovery weie latci killed and exam- 
ined for endences of ulcei.ttion In only a few isolated cases were 
suggestions of an ulceration present These were seen as localized 
hemorrhagic areas in the mucous membrane In one case, this appeared 
in a suggestne location, 1 e , on the lesser cunature m the pyloric 
antrum of the stomach Our icstilts must be acknowledged to be nega- 
tne, so far as the\ concern the production of ulcei b) a chiomc func- 
tional obstruction wuth stasis 

The question now' arises wdiether the development of ulcer depends 
on a mechanism which disturbs the physiology of the intestine, be it 
obstruction, chronic stasis, embolism, \essel spasm, distui bailee of mnei- 
vation, or any one of the numerous theoretical explanations presented 
m the literature, or does the genesis of the ulcer depend on some 
anomaly seated in the anatomic structure of the intestine 0 

The characteristic peptic ulcer is a punched-out lesion that “looks 
as if something had dropped out,” and is not primarily spreading, while 
the edges of the punched-out hole show' no signs of mvo'vement what- 
e\er The fact that this hole is round inclines us to believe that the 
vessels are not involved, for even the end arteries of the mucous mem- 
brane do not supply a perfectly circular area Likewise areas of 
ischemia would not result in a perfectly round lesion, nor disturbances 
of innervation An area of infection might be perfectly round, but the 
adjoining edges must show' reactive infiltration It suggests that some- 
thing had been in that site which was wholly distinct in itself, different 
from the surrounding parts, and of itself only susceptible to the 
influences that produced the lesion The thought would be that some 
e’ement exists m the mucosa which lends itself to the disturbances 
which promote necrosis and ulceration 

Recently, Muller 18 pointed out that peptic ulcer occurs in those 
regions of the gastro-intestmal tract of embryologic importance m the 
stomach, at the region where there are islands of intestinal glands 
interspersed with gastric glands , in the esophagus where there are 
islands of gastric mucosa , m the duodenum and jejunum where there 


18 Muller, P Beitr z klm Chir 123 1, 1921 
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are islands, of pancreatic tissue , m Meckel’s diverticulum where there 
are islands of gastric and pancreatic glands of incomplete anatomic 
structure, and, therefore, of abnormal function Within such glands, 
he believes there can be an intracellular activation of digestive ferments, 
by vi 1 tue of which the glands themselves and their surroundings are 
digested 

Schafer 19 m Quam’s "Anatomy” records that true crypts of 
Lieberkuhn occur in certain parts of the human stomach, similar in 
all respects to those of the small intestine These are most numerous 
m a zone which lies between the area occupied by fundus glands and 
that occupied by pyloric glands, especially on the greater curvature 



Fig 2 — Areas of the stomach prone to ulcer, as determined by Krogws 
(from Dahl) 


Attention was called to the presence of such crypts in the stomach 
mucosa by Schaffer 20 Jouvenal 21 pointed out that the deepest cells 
of these crypts of Lieberkuhn also exhibit granules similar to those 
described by Paneth m the intestinal glands, and says that such intes- 
tinal glands, found in the gastric mucosa near the pylorus, consist o 
normal cells and do not represent a metaplastic process 


19~Schafer, E A, in Quain “Elements of Anatomy,” Ed 111 2 533, 1912 

20 Schaffer, J Sitzungsb d k Akad d Wissensch, W ‘“* et de 

21 Jouvenal, F Repartition des Glandes de I Estomac, J d 

la physiol 42 1, 1906 
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Mullei ls studied fresh ulceis fiom the opeiating 100 m, and in a 
case of pei f mating ulcei of a Meckel’s divei ticulum, he found that the 
diverticulum contained gastnc mucosa lesemblmg that of the normal 
pylorus and fundus Extending his study to ulcers of the stomach, he 
found intestinal glands in the immediate ncighboihood of the gastric 
ulcer m two of three cases Mullei discusses the pioposal of Hammer- 
schlag, that a transfoi mation between gastric glands and intestinal 
glands occuis which accounts foi the piesence of aberrant intestinal 
glands in the gastnc mucosa Mullei asserts that the histology and 
embr)ology oppose this tiansfoi mation, pointing out that the intestinal 
glands occui in shaiply sepaiatcd island formations, not mixed with 
gastric cells, and show'ing no transitional forms Furtheimore, such 
intestinal glands hate been show'll to contain beakei cells and distinct 
Paneth cells, as seen in the glands in their normal location 

Dahl 22 discusses an earlier repoit of Mullei,* 3 and calls attention 
to the distribution of areas of intestinal mucosa m the stomach, w'hich 
he believes become subjected to the action of gastric juice, with results 
disastrous to the abnounally situated tissue On this basis, he w r ould 
explain differences in the susceptibility of persons and sexes, and the 
inclination of ulcei to follow' in families Dahl includes in his paper 
the tw'o schematic drawings w'hich aie reproduced heiewith, since they 
afford a picture of the areas of the stomach in which these aberrant 
islands occur, and compares these areas with the areas prone to ulcer, 
as determined by Krogms from a study of 391 cases It is significant 
that histologists 24 do not report the occurrence of gastric mucosa in 
parts of the intestine be’otv the duodenum and upper jejunum, corre- 
spondingly, the pathologists do not commonly find peptic ulcers below 
these levels 

The thought occurs that these glands being located in a foreign 
field are more subject to adverse influences by reason of the unusual 
environment Intestinal glands normally accustomed to the alkaline 
reaction of the small intestine must be exposed to acid secretion when 
transplanted to the stomach Their existence might not be jeopardized 
despite the unusual atmosphere unless some disturbing influence makes 
its presence felt through an alteration m the supply of blood to the part 
The formation of ulcer after suprarenalectomy is well proved , after 

22 Dahl P R Sur la Patliologie de l’Ulcere, Arch d mal de l’app 
digestif 10 483 (April) 1920 

23 Muller, P Beitr z klin Chir 115 560, 1919 

24 Broman, I Verhandl d anat Gesellsch 27 14, 1913 Also Kaufmann, 
E Anat Anz 28 465, 1906 Bensley, R B Am J Anat 2 Schaffer, J 
Virchows Arch f path Anat 177 181, 1904 Kull H Anat Anz 41 609 1912 
Arch f mikr Anat 77 541, 1911 Trallero M “Ueber das Verhalten der 
Muscularis Mucosae der Magenschleimhautinseln un Oesophagus,” 1913, Dissert 
med , Berlin 
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suprarenalectomy, we also observe a steady fall m blood pressure 
This is easily reflected in the stomach as an ischemia, which may lower 
the vitality and resistance of such intestinal gland cell rests to a degree 
which would not a fleet the normal mucosa, but would leave the aberrant 
tissue susceptible of destruction 

An ischemia or a stasis of blood to the part might well result m an 
asphyxiation, which m turn permits an autolysis, with the formation 
of an unknown substance, having the power of activating the proenzyme 
of the duodenojejunal glands mtracellularly 23 There would then 
follow an autodigestion, without any surrounding reactive inflammation 
Thus, it is conceivable that the characteristic punched-out ulcer, looking 
“as if something had dropped out,” would result, corresponding exactly 
to the isolated patch of aberrant intestinal glands, and no more, and 
“looking as if something had dropped out,” because something had 
dropped out 

The question of the mode of formation m the duodenum now 
suggests itself Deaver and Reimann, 20 m a study of recent ulcers, 
report two cases of duodenal ulcer removed at operation m which 
pancreatic tissue was found m the intestinal wall at the base of the 
ulcei, without any connection with the pancreas itself Here the 
suggestion offers itself that a relic of embryologic defect is represented 
by the island of panel eatic tissue in that neighborhood of the intestine 
whence the pancreas developed, and that no disturbance arose from 
it until induced by such a disturbance as ischemia and asphyxiation 
which are supposed to occur in the case of gastric ulcer Here there 
might be an activation of trypsin, with resultant autodigestion and a 
clean, punched-out ulcer coriespondmg only to the island of aberrant 
tissue 

Kaufmann- 7 reports an accessory pancreas found at the tip of 
Meckel’s diverticulum Gegenbauer (1863), quoted by B roman, - 
called attention to an accessory pancreas m man, occurring usually m 
the jejunum and existing without any connection with the mam 
pancreas Broman saw a phylogenetic basis for an accessory pancreas 
m man, since m the lower forms the pancreas is represented by 
accessory glands distributed along the upper portion of the intestine 

The question m part becomes one of embryologic development an 
inherited tendency Naturally the occurrence of peptic ulcers in tie 
lower animals is rare Turck ~ s reported necropsies on 189 healthy an 


25 Sweet, J E The Surgery of the Pancreas, Alvarenga Prize Essay, 

1915, Internat Clinics 4 293, 1915 p a thoio« 

26 Deaver, J B , and Reimann, S P Surgical Treatment an ^ 

of Gastric and Duodenal Ulcer, Surg, Gynec & Obst 32 103 (F ) 

27 ICaufmann, E Lehrbuch der speciellen pathologischen Anatom e, 

G Reimer 1 641, 1911 17S4 , Dec 9 ) 1916 

28 Turck, F B Intestinal Venous Stasis, J A M A 67 1/84 ( 
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eighty-two diseased dogs, in which the findings of “peptic ulcei” were 
absolutely negative Mann 1 listed a senes ot more than 200 normal 
dogs and cats m which “no lesion of the gastric mucosa was found at 
autops) ” Iiy,-' 1 in studying 900 dogs m his laboiatoiy which had been 
subjected to two oi three hours of ethei foi experimental pui poses, 
found, in diseased and cachectic animals, onl) two maiked ulcei ations 
On the olliei hand, Cohnheim 10 icpoiled 1,086 cases of gastric or 
duodenal ulcei, being 7 pei cent of Is, 500 patients m the course of 
t\\ enty yeai s 

It is conceivable that by genet ations of natuial selection m the 'owei 
animals strains showing a tendency to peptic ulcer hate been bled out, 
as, indeed the commercial value of animal eugenics has led to the 
breeding out of all forms of inheritable defects, wheieas in man, with 
no control of breeding and undei medical and surgical caie, “ulcer 
families” hate been presen ed to propagate then tendencies to abnormal 
cell-rests Hence, we find the influence of age, sex and family exerting 
its impression in the etiology of the condition 

It is difficult to conceit e that a bactenal embolism will affect only a 
small circumscribed round area and pioduce a characteristic ulcer in 
the face of the richly anastomosing gastric vessels Mechanical abra- 
sion and digestion by gastric juice are difficult of conception when we 
consider how neatly the injured mucosa recujserates following an 
operative procedure imolvmg section of the entire gastric wa'l, even 
in the face of the high acidity which normally follows such trauma 11 
Section of the splanchmcs, suprarenalectomy or the injection of highly 
toxic substances admittedly pioduce ulceration, but we would like to 
subscribe to the hypothesis of Muller, that these are contributing causes 
only, that the basic cause is the autolysis of islands of pancreatic and 
intestinal gland rests, attendant on the lowered vitality enhanced by the 
disturbance of the contributing causes 

This hypothesis would explain the findings reported by Ellis 1 of 
perforating ulcer m some instances following the intravenous injection 
of the toxin of high intestinal obstruction Ellis concluded that the 
only explanation of the origin of the toxin consistent with his experi- 
mental results is that under the conditions of the high obstruction, of 
suprarenalectomy, etc , some factor activates the proteolytic proferment 
formed by the intestinal mucosa within the cells, instead of, as normally, 
outside the cell, m the lumen of the intestine The necropsy on an 
animal dying fiom the effects of the intravenous injection of this toxin 
offers a very striking picture The mucosa of the intestine, beginning 
sharply at the line where gastric mucosa and duodenal mucosa meet, 

29 Ivy, A C Contributions to the Physiology of the Stomach LII Studies 
on Gastnc Ulcer, Arch Int Med 25 6 (Jan) 1920 

30 Cohnheim, P Arch f Verdauungskr 27 241, 1921 
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presents a condition of dark, velvet red, hemorrhagic infiltration 
Islands of intestinal mucosa in the stomach would presumably show a 
similar effect, and, m addition, would be subjected to the digestive 
action of still another enzyme besides the one activated within the 
cells — the pepsm of the stomach 

In the consideration of human ulcer, it might not be amiss to point 
out, as regards due influence of age, sex, familial tendency and seasonal 
recurrence, the experimental fact that anaphylaxis m the dog presents 
an intestinal picture practically identical with that produced by the toxm 
of high obstruction 

The proof of this thesis might not lend itself to ready experimenta- 
tion, but Muller’s suggestion should be worth considering as an argu- 
ment in favor of a more careful study, such as is seen in the report of 
Deaver and Reimann, of the bases and surrounding parts of ulcers, 
with an extension of the study to a careful microscopic examination of 
the nearby parts of the intestinal wall 
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Calcification and ossification of the meninges hate held the interest 
of pathologists and anatomists for many generations, and the numerous 
ttorkers tvho have investigated the subject have brought to light so 
much information concerning them that oui present knowledge of this 
subject seems almost complete However, tbe importance of the roentgen 
ray m tbe diagnosis of cranial pathology and the fact that calcification 
and ossification of the meninges are to be considered in the interpre- 
tation of all roentgenograms of the head make a reconsideration of this 
subject appropriate Bony new growths m the dura are found fre- 
quently m the animal kingdom They are present in the falx of the 
dolphin, the seal, the platibus (OnutJiO) hynchus penadoxns) and in the 
tentorium of cats, bears, horses and pachyderms 1 

The first reported instance of ossification of the meninges in man 
was probably that of Antomus Cattus 2 in 1557 In 1761 appeared 
Morgagni’s “De Sedibus et Causis Morborum,” in which were described 
two cases of ossification of the dura Morgagni thought the symptoms 
were due to ossification In one case, that of an apoplectic, 
between the leaves of the falx cerebri was a piece of bone of moderate 
thickness which was three finger-breadths long by one and one-half 
finger-breadths wide The other case was that of a syphilitic patient 
who had had severe headaches and convulsions during the last months 
of his illness In the falx cerebri were five pieces of bone attached to 
one another, so that scarcely one third of the falx was free from bone 
In 1859, Molas 3 reported finding a piece of bone “of large dimensions” 
between the layers of the falx In 1866, Jeannerat 4 found that m not 

1 Aschoff Pathologische Anatomie 

2 Cattus, cited by Cruveilhier Traite d’anatomie pathologique generale, 
Paris, 1849 

3 Molas Piece osseuse developpee entre les deux feuillets de la faux du 
cerveau, Compt rend Acad d sc 49 299, 1859 

4 Jeannerat, Stanislas Des ossifications de la dure-mere, Strasbourg, 1866 
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less than sixty- four of 625 necropsies were the dura mater and falciform 
process the seats of ossification 

In these cases, eighty-eight pieces of bone were found in the falci- 
form process, and thirty-nine were found m the remaining parts of the 
dura The bone formations were of three types first, the plate forms 
which numbered sixty-five, of which fifty-one were m the falx (the 
largest, 8 by 1 8 by 0 7 cm ) and fourteen in the remaining portions 
of the dura , second, the stalactite forms which numbered thirty-five, 
and third, the kernel or granular forms, which numbered twenty-seven 

Ihe finding of many pieces of bone of considerable size has been 
reported In Winkler’s 5 6 case the bone measured 9 2 by 5 5 cm In 
Schmidts Jain bucket do in- und anslandtschcn gesammten Mediant, 
1858, the presence of a plaque, 7 by 7 by 1 cm , is reported Burle and 
Morel fl report a case with a plaque shaped like an oyster shell m the 
antenor part of the falx, measuring 6 by 3 cm In Jackson’s 7 case, the 
anterior two thirds of the falx was ossified The plate of bone resembled 
a scythe blade, was about 4 inches ( 10 6 cm ) in length, 1 inch (2 5 cm ) 
wide and one-half inch (1 27 cm ) thick at the anterior extremity, and 
one-half inch (1 27 cm ) wide and one- fourth inch (6 3 mm ) thick at 
the posterioi extremity The surfaces of the plate were rough Cruveil- 
hier has described complete calcareous metamorphosis of the posterior 
third of the falciform process 

The ossifications are generally found in the falx, alongside the 
superior longitudinal sinus, especially where the falx is inserted into 
the crista galli, less frequently m other parts of the dura and most 
rarely in the tentorium cerebelh They are never found in the dura 
which covers the base of the skull 

These ossifications are not to be confused with the calcareous 
deposits m the form of psammoma bodies or corpora amylacea which, 
m varying stages of development and of varying sizes, are of common 
occurrence in the arachnoidea of man and of the lower animals Cushing 
and Weed 8 believe that, associated with this process of calcification, 
a hyperplasia of the arachnoidal mesothehum is liable to occur T ie 
deposits of lime salt are apparently laid down m cell bodies, and, in 
this membrane, can bear no relation to the blood vessels The occur 
rence of true bone formation m the arachnoid of man should e 
regarded as a similar phenomenon, except that one may consider t ie 
process of ossification to be proliferative rather than degenerative 


5 Winkler Inaug Diss , in9 c J9I0 

6 Burle and Morel Osteome de la dure-mere, Lyon med 114 

7 Jackson ,W R Med News 54 477, 1889 

8 Cushing 


W K Mea in ews at *+//, iow 

Harvey, and Weed, L H Calcareous and Osseous De 


8 Cusning, narvey, auu - — .T«7 mis 

m the Arachnoidae, Bull Johns Hopkins Hosp 26 367, 1913 
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Zanda 5 reports sixty-three cases of osteoma of the arachnoid, and he 
believes that the ossification arises from the direct transformation of 
connective tissue into bone tissue by the deposition of calcium salts 
If this is so, calcification and ossification may be considered to be 
closely allied processes 

Ewing 10 notes that multiple nodules of bone are found in the 
cerebral and spinal arachnoid m a considerable portion of cachetic sub- 
jects, and especially in the insane and epileptic He says that Zanda has 
found that these nodules form about small vessels through degeneration, 
exfoliation and sclerosis of the endothelial cells and connective tissue, 
which form hyaline, then osteoid, and finally bone tissue From these 
nodules, the bone plates develop 

Borst 11 speaks of leptomeningitis ossificans as a process in the pia 
mater, characterized by irregular plates of osteoid substance The bone 
plates are partly the product of chronic inflammation with secondary 
calcification and, possibly, are formed in part from the osteogenic 
tissue of the skull b) separation 

In embryonal life, the dura functions as the periosteum of the inner 
surface of the skull and is capable as such of osteogenesis It is not to 
be wondered, as Ribbert 12 remarks, that we frequently find bony 
deposits which generally do not appear as tumors but as irregular plates 
He believes that such plates as are found in the falx cerebri are probably 
formed from islands of bone forming tissue which are left behind m the 
differentiation of the dura These bone formations are not strictly to be 
designated as tumors 

Although there is no age at which persons are exempt from calcifica- 
tion and ossification of the dura, those of advanced years show a 
certain predilection Koester 13 quotes Nettei as describing a case in a 
12 year old girl 

The exostoses on the inner side of the skull resemble closely the 
ossifications which appear m the dura mater The latter result from 
increased bone production of the outer layers of the dura mater and 
early are fused with the skull The meningeal exostoses, according 
to Virchow, are always separated from the bone by a fibrous layer, 
thereby preserving their heteroplastic character 

Calcification, by which is meant the mere deposition of calcium salts 
in distinction to the more complex process of ossification or actual bone 
formation, occurs in the human body under varying conditions and m 

9 Zanda Zieglers Beitr z path Anat 5, 1889 

10 Ewing, James Neoplastic Diseases, Ed 2, Philadelphia, W B Saunders 
Company, 1922 

11 Borst Die Lehre ion den Geschwulsten, p 166 

12 Ribbert Geschwulste Lehre, p 200 

13 Koester Knochenbildungen in den memngen, Wurzburg 1903 
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various places Nunokawa’s 14 classification is a very serviceable one 
He divides the calcifications as follows 

1 Calcification due to insufficient nutrition 

(a) of thrombi, 

( b ) of hematomas, 

( c ) of tumors of the skin, 

(d) of the insertion ring of the bicuspid value in senility, 

(c) of the artery walls in arteriosclerosis, 

(/) of hyaline degeneration of blood vessels, 

(g) of unattached appendices epiploicae, 

(//) of the kidneys and the seminal vesicles in senility , 

(O of placental villi, 

0) of inflamed indurations of the pleura and peritoneum, 

(A) of chronically inflamed heart valves, 

(/) of different tumors 

2 Calcification after sudden necrosis 

(a) muscle fibers near a wound, 

( b ) muscle fibers made necrotic by ligature, 

(c) anemic heart infarcts, 

(d) ganglion cells of the bram and cord killed by trauma, 

(e) kidney, after certain poisons (mercuric chlond), 

(/) lithopedion 

3 Calcification metastases (Virchow) 

In this class, local disturbances of bone cause the freeing of calcium salts 
which are deposited elsewhere, notably in (a) the endocardium, (b) the 
pachymeninx cerebralis, (r) the stomach or intestine 

4 Calcium deposits in thickened exudates, foreign bodies in the cavities 
lined by mucous membrane (as in the nose, tonsillar crypts, bronchi, intestine 
and the vagina) 

5 Unexplained calcifications, such as those m the lung and muscle 

Virchow classifies bone tumors into (a) the hyperplastic, which 
are entirely bone tumors arising from the osseous system and in which 
an abnormally increased production of bone is added to bone which is 
already present, and (b) the heteroplastic bone tumors which are entirely 
ossifications, arising in organs of the body not in conjunction with 
normal bone, and which in no way naturally tend to bone formation 

Pathologic calcification is of two types chemically (1) that whici 
appears in tissue poor in fats and which corresponds in its synthesis 
to that of “bone soil,” that is, it contains tricalcium phosphates an 
calcium carbonates in a quantity relationship similar to that in the bone, 
and (2) calcification of fat tissues (as lipomas), which, on the otier 
hand, can follow the deposition of calcium soaps 

U Nunokawa, IC Ueber Verkalkung der Pachymeninx bei Usura Cranu, 
Virchows Arch f path Anat 198 271, 1909 
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In 01 dei to ascei tain how well the blood and lymph are able to func- 
tion in the transportation of calcium phosphate, Hofmeister 1 ■ added, to 
the blood serum, calcium salts and sodium phosphate in varying quanti- 
ties and m varying alkalmities, and found that the blood serum was able 
to hold in solution much more of the lesultant calcium phosphate than 
it was possible to dissolve in water This power of holding m solution 
diminished with dilution In albumin concentiations, such as are found 
m the tissue lymph, the power of holding this salt in solution is very 
much diminished 

The researches of Dr Tanaka have demonstrated the solubility of 
ivory plates, bone plates and tooth fragments in fluids (water, salt solu- 
tions and blood serum) which have been saturated with carbonic acid 
His work confirms the previous researches of Maly and Donat, Flesch 
and Tillmans that the solvent powei is very considerable 

In water and salt solution, a square centimeter of bone surface at 
37 C gave oft about 0 15 gm of substance (mostly calcium phosphate) 

For explanation of the resorption and erosion of adult bone, it is 
sufficient to say that the tissue lymph of the osteoclasts and other cells 
which bathe the bone tissue contains so much free carbonic acid that 
it exercises a dissolving action 

If tissue fluids which hold calcium phosphate dissolved by carbonic 
acid lose their content of free caibomc acid through giving off to the 
outside or through combination with an alkaline medium, it is possible 
that their active fluid movements or higher albumin content does not 
prevent the deposition of calcium phosphate 

If a slow stream of dilute soda solution is allowed to run through 
a tube with sennpermeable walls, as, for example, a reed, and if this 
tube is submerged in a solution of calcium phosphate which has been 
dissolved by carbonic acid, the wall of the tube becomes encrusted, m 
a characteristic manner, partly with amorphous and partly with spher- 
ical, formed calcium phosphates This may account for the repeatedly 
observed calcification of the interior of arteries and the walls of 
capillaries 

In the same way may be explained what otherwise would be very 
difficult to understand, namely, the appearance of metastatic calci- 
fication in lung alveoli and stomach mucosa from the giving off o^ 
acid (carbonic acid, hydrochloric acid), which occurs m these places 
In this connection, it is noteworthy that the metastatic calcium deposits 
m the mucosa of the stomach closely correspond to the extent of the 
investing cells 

Experiments of Tanaka have shown that an oversaturation of the 
tissues with calcium salts, even in the absence of predisposing pathologic 
changes, tends to cause calcification 

15 Hofmeister Expenmentelles uber Gewebes-Verkalkung, Munchen med 
Wchnschr 1909, p 1977 
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Injection of chlonds, lactates, acetates, carbonates, or phosphates 
m the peritoneal cavity or in the tissues of rabbits, dogs, etc , have, as 
a result, more or less extended and occasionally widely dispersed the 
calcification of the neighboring tissues, even, now and then, into widely 
separated regions Moieover, there appears directly in the peritoneal 
cavity or in calcium carbonate which has been brought through a reed, 
a gradual tians formation into phosphates 

A simple explanation of the deposition of calcium soaps in necrotic 
or autolytically changed fat tissues is now available This may also 
readily be imitated m experiments If one takes fat tissue, and, 
at 37 C , treats it with a stream of calcium phosphate held in solution 
by caibonic acid, in a short time there will be macroscopic and chemical 
evidence of calcified fat tissue This is due to a gradual fat splitting, 
whereby the liberated fatty acids act as calcium binders 

One cannot yet definitely explain the frequently observed calcifi- 
cation of dead or undernourished tissues 

Wells lfi divides pathologic calcification into two forms one a pre- 
cipitation of calcium in secretions and excretions of the body, the other, 
the deposition of calcium salts in the tissues themselves He believes 
that normal ossification and pathologic calcification (except metastatic 
calcification and the calcification of fat necrosis and other areas of 
necrotic fat tissue) depend more on physicochemical factors and vari- 
ations m the carbon dioxid concentration than on the presence of chem- 
ical precipitates in the tissues An increase in the alkalinity of the fluids 
makes the calcium salts decidedly less soluble, and when there is 
excretion of acids, the fluids m the substance of the organs are corre- 
spondingly alkaline 

The following considerations are concerned with the appearance of 
calcification m degenerating tissues (1) the increased alkalinity or 
decreased carbon dioxid in the degeneiating tissues, causing precipi- 
tation of the inorganic salts in the fluids seeping slowly through them, 
(2) utilization of the protein of the fluids by the starved tissues so 
completely, because of its flow through them, that the calcium cannot 
be held longer in solution, (3) the formation within the degenerating 
area of a substance or substances having a special affinity for calcium, 
(4) production of a physical condition favoring the local absorption o 
salts, the least soluble salts accumulating m excess 

Thiroloix and DuPasquier 17 report the case of a patient dying rom 
a cerebral hemorrhage in whom there was an ossified plaque, 8 y 


16 Wells, H G Chemical Pathology, Ed 3, Philadelphia, W B Saunde 

Company, 1918, p 435 , f l„ra-mere mort par 

17 Thiroloix and DuPasquier Ossification de la dura me 

haemorrhagie cerebrale, Bull Soc anat de Paris 68 38, 1WJ 
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inches, in the dura mater They believed that the dura took on an 
osteogenetic function because of the congestion 

Microbic agents ai e thought by some to play a part in the causation 
of certain varieties of calcification of the meninges Lutembacher 18 
reports a case of a woman dying of typhoid fever, in whom the tiny 
fibrous plaques adherent to the visceral surface of the spinal arachnoid 
contained typhoid bacilli In another instance, 1 ' 1 fibrous plaques were 
found which enclosed the meningococcus 

While authors agree that the bone is in relation to the dura, there 
is a difference of opinion as to whether or not it is primary m the dura, 
as Virchow, Borst and Kaufman contend, or whether it develops fiist 
in the arachnoid, and then as fully developed bone is attached to the 
dura (Cruveilluer, Otto) 

The causes have been given as (1) inflammation caused by trauma 
(Eisner) , (2) disturbance of nutrition (Virchow) , (3) displacement 
of osteogenetic tissue (Ribbert and Boist) , (4) nritation of the dura 
caused b) displaced pai tides of the skull, or, more often by hyperemia, 
both of which result in ossification, and the etiology was reported as 
unknown by Forster, Schmaus and Borst 

Weber 20 summarizes his study of the subject m part as follows 

1 Ossifications of the dura belong not to the class of genuine tumors 
but to inflammations 

2 Such ossification, especially when it occurs in the sinus wall, as a 
rule, probably on account of disturbances of nutrition, appears first m 
the outer parts of the dura and then gradually spreads out centrally 

3 It may further thrombosis of the superior longitudinal sinus 

The significance of ossification and calcification of the meninges 

has aroused the speculative interest of observers for a long time The 
earlier men, quite naturally, on finding an ossified falx at necropsy, 
sought symptoms, generally mental, to attribute to it But before long, 
it became apparent that the calcification occurred m mentally sound 
persons, and, moreover, were not even common in the insane 

In Wood’s 21 case, there were four pieces of bone in the falx, the 
largest three-fourths by one-fourth inch (19 by 6 3 mm), and this 
author thought that the paralysis of the patient’s left arm and leg was 
of interest m connection with the ossification of the falx In a case in 

18 Lutembacher, M R Ann de med 5 148, 1918 

19 Lutembacher, M R Plaques fibreuses de l’arachnoide en clavant des 
menmgocoques, Ann de med 8 51, 1920 

20 Weber, Richard Ueber das “Osteoma durae Matris” und seine 
Beziehungen zum Sinus longitudinalis superior, Zurick, Gebr Leemann & Co , 
1912 

21 Wood, H C Bony Deposit in the Falx, Softening in the Pons Varoln, 
Phila M Times 12 350, 1881-1882 
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which there was “irritation of the nerve centers,” Morgan 22 thought 
such symptoms were accounted for by a small plate of bone in the right 
side of the falx cerebri In a case of mama, Sneve 23 found a piece 
of bone, 4 by 1 cm by 6 25 mm , between the layers of the falx cerebri 

More lately, the conception of calcium metastases, to which Vir- 
chow’s name is attached, has attracted study and interest Wells calls 
attention to the fact that in conditions with much destruction of bone, as 
osteomalacia, caries and osteosarcoma, deposits of lime salts have been 
found distributed diffusely in various organs, particularly in the lungs 
and stomach As much as 13 38 per cent of the dry weight of the lung 
and 12 15 per cent of the kidney have been found as calcium monoxid 
in such a case 24 

In usura crann, the condition of circumscribed osteoporosis of the 
skull, deposits of calcium have been found m the dura Chian 25 and 
Orth 20 called attention to this in 1909, and the latter reported the case 
of a child, aged 111/2 years, who had a round-cell sarcoma of the 
pedunculus cerebri, in whom the dura, posteriorly m the midline, con- 
tained hard white plaques Nunokawa, 14 a pupil of Chian’s, made fur- 
ther investigation along this line In another communication, Orth 27 
mentions the frequency with which the calcium deposits of the dura are 
found m cases of bone resorption of the skull 

Allenbach 28 further elaborates the theory that the calcium salts set 
free by the osteoporosis are deposited metastatically elsewhere He 
reports two cases m which at operation white calcium deposits m the 
pachymeninx were noticed by the operators, who, accordingly, felt 
justified m making a diagnosis of usura crami Allenbach maintains 
that calcification of the pachymeninx is always a sign that the brain 
pressure must have acted long enough and strongly enough to call forth 
a usure of the skull, thereby making possible a calcium metastasis to 
the dura Schmidt 29 noted that there were macroscopic calcium 
deposits on the outer surface of the dura, and that, m the corresponding 
places, the skull was atrophied and rough, a condition which occurs 
where most pressure is exerted This writer studied the normal dura 


22 Morgan, C W Case of Osseous Formation of the Dura Mater, 

Australasian M Gaz 4 35, 1884 , 

23 Sneve, H An Unusual Osseous Growth in the Falx Cere r , 

News 54 320, 1889 

24 Virchows Arch f path Anat 197 172 , 1909 w^lmschr 

25 Chiari Zur Kenntnis der path Verkalkung, Munchen me 

1909, p 481 

26 Orth Charite-Ann 33 376, 1909 , th 

27 Orth Bemerkung zu Allenbruchs Arbeit, Virchows Arc P 

20 28 Allenbach Virchows Arch f path Anat 205 474, 1911 
29 Schmidt, H Virchows Arch f path Anat 115 142, 1914 
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by a special microscopic technic and found that, after the age of 17 
years, it contained calcium, and, after 40 years, there was as much 
calcium m some duras as theie was in brain tumors 

Another writer ' !0 notes that calcification of the pachymeninx not 
only is found m usuia crann but also is sometimes quite widespread in 
lnflammatoiy growths 

There has been to date no roentgenograplnc study of calcifications of 
the meninges By means of stereoscopic loentgenograms of the skull 
it is possible to demonstrate calcified plaques m the falx and perhaps 
even in the parietal dura A roentgenogi am of the head of the cat 
leveals very plainly diffuse calcification of the falx with the sharp 
curving inferior border In the case reported herewith, in which 
operation was performed by one of us (A E H ) for tumor of the 
brain, the roentgen ray revealed shadows which doubtless were due to 
calcification in the falx 


REPORT Or CASE 

Histoiy — At B, a colored woman, aged 38, was admitted to the medical 
service of Dr Robert B Preble at St Luke’s Hospital, Chicago, Oct, 1, 1921 
The complaints on admission were (1) frontal and occipital headaches which 
had been very severe, having lasted from five to ten minutes at a time and 
having occurred frequently every day for the previous three weeks , (2) vomiting, 
which began two days after the headaches started and which was not projectile 
in character, (3) dizziness, (4) double vision, and (5) numbness, weakness 
and muscular twitchings of the right arm and leg The patient had had three 
miscarriages The left breast had been amputated two years previously for 
“cancer” Otherwise, the history was negative 

Examination — This revealed (1) slight rigidity of the neck, (2) double 
neuroretinitis, with hemorrhages from the retinal vessels (Dr Frank Brawley) , 
(3) marked choked disk, slight paresis of the right side of the face, right hemi- 
paresis, inclination to fall toward the right, a right palpebral fissure narrower 
than the left (Dr George W Hall) The blood Wassermann reaction was nega- 
tive The spinal fluid examination showed (a) negative Wassermann reaction , 
(b) positive Pandy test, (c) faintly positive Ross-Jones test Examination 
of the urme was negative except for a trace of albumin The roentgen-ray 
examination of the skull by Dr E L Jenkinson was reported thus 

“Extending downward from the frontal bone are many irregular areas of 
increased density which may be due either to new bone involving the internal 
table of the frontal or to ossification in the falx [as in the accompanying illus- 
tration] There are areas of ossification which have no connection with the 
frontal bone I believe the areas of ossification are located in the median line, 
as there is no difference in the size of the areas taken in the right and left 
lateral positions If the deposits were in the frontal bone there should be 
definite changes m their sizes when the right and left sides are exposed In 
other words, if the deposits were located in the right frontal they would be 
smaller when the right side was near the film and vice versa The plaques 

30 Saltykow, S Zur Kenntnis der Duraverkalkung bei Schadelusur 
Verhandl d deutsch path Gesellsch 17 521, 1914 
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ranged m size from 0 5 to 1 cm in diameter The total area involved measured 
about 6 by 3 cm The ossification seemed confined to what we believe is the 
anterior third of the fa k The tentorium cerebelh shows no areas ot 
ossification 

"Summary Ossification of the falx cerebri ” 

Opciation — The patient’s condition became worse, and Dr Hall adnsed a 
left subtemporal decompression Oct 13, 1921, the patient was transferred to 
the surgical service of Dr Albert E Halstead, and a left subtemporal decom- 



Lateral view of skull, showing the irregular, curved shadows just posterior 
to, and above, the frontal sinus, which were interpreted as being caused bj 
calcified plaques in the falx cerebri 


pression, accomplished by elevating a bone flap, was performed by Dr Ha stea 
The dura was opened, and no hemorrhage was found Following this opera 
tion the patient improved steadilv, was up and about, Oct 16, 1921, an "a- 
discharged, Oct 24, 1921 

Readmtsswn — She was readmitted to St Luke’s Hospital Jan . 

Her complaint at this time was inability to talk properly and para ysis o 
right arm and leg Examination disclosed a pulsating cerebra lerma 
left temporal region There was complete right hemiplegia, including 
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nerve She was also suffering from aphasia The left palpebral fissure was 
wide, and the eyeball seemed to protrude There was a neuroretinitis, with 
papillitis of 2 diopters An attempt to inject the lateral ventricles with air 
through a trephm opening was made, but the patient’s condition became so 
serious that the operation was discontinued The patient was unimproved and 
was discharged, March 11, 1922 

Subsequent Note — The social service department found that the patient died 
at home, July 11, 1922 Necropsy was not performed 

CONCLUSIONS 

From the foregoing considerations the following conclusions may 
be deduced 

1 Ossification and calcification of the meninges are not rare 

2 Areas of ossification may arise from ( a ) the retention of the 

osteogenetic function by islands of dura, ( b ) an inflammatory process 

3 Areas of calcification may arise as (a) the result of a not far 
distant absorption of calcium of the skull and its subsequent deposition 
in the meninges, ( b ) the result of an inflammatory process 

4 In cases of suspected brain tumor, the demonstration by means 
of the roentgenogram of calcification of the meninges is an additional 
evidence of the existence of a brain tumor exerting a circumscribed 
pressure on the skull 

5 The chance finding of ossification or calcification in roentgeno- 
grams of the head affords the occasion for an intensive neurologic study 
of the case in question 
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CONGENITAL CONDITIONS 

Congenital Dislocation of the Shouldei — Todcl, 1 in examining the 
shoulder joint of 730 subjects m the dissecting room of Western Reserve 
Medical School, found three cases of what he terms posterior congenital 
dislocation of the shoulder of the subacromial type The chief deformity 
is m the scapula, the glenoid being rotated backward on the blade 
There is a drooping of the acromion, and while the humeral head 
remains in articulation with the glenoid, its configuration may be 
changed In this series, there were no congenital dislocations of the 
radius or of the femur 

Congenital Defects of the Spine and Ribs — Sever, 2 in a study of 
more than 2,000 roentgenograms of the spine, taken at the Boston 
Children’s Hospital for various reasons, found twenty-two cases of 
cervical nbs, in nine of which there were other deformities of the verte- 
brae or ribs In twenty-six cases, there were defects of the vertebrae in 
the dorsal region, with rib defects and scoliotic deformities Lack of 
fusion of the spinous processes and laminae cannot be regarded as 
abnormal until after the seventh year, when they normally fuse 
Eighteen true defects of the lumbar spine and sixteen of the sacrum 
were discovered These two latter defects were often combined 

Reduction of Congenital Dislocation of the Hip — Goyder % has 
employed with satisfaction a push rather than a pull method of reduc- 
tion of congenital dislocation of the hip He believes less trauma and 
more perfect control are possible by this procedure In the manipu- 
lation of a left hip, the sacrum is placed on a sand bag , and the pelvis 

* This Report of Progress is based on a review of 516 articles selected from 
610 titles dealing with orthopedic surgery, appearing in medical literature 
between May 21, 1922 , and October 20, 1922 Only those papers winch seei 
to represent progress have been selected for note and comment 
1 Todd Ann of Surg , July, 1922 
v Sever Boston M & S J , June 15, 1922, p 799 
3 Goyder Brit M J , Sept 16, 1922, p 497 
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is steadied by an assistant The left knee and hip are flexed, the hip 
as fully as possible, until the knee lies as nearly as possible by the side 
of the trunk The right hand of the opeiatoi is placed on the patient’s 
left knee, and the opei ator sti ives ( 1 ) by downward pressure, to push 
the head toward the acetabulum, and (2) by rotation of the knee, to 
direct the movements of the head The palm of the operator’s left hand 
is placed against the great tiochanter, with the thumb in front and the 
fingers on the neck of the femur behind While the downward pressure 
on the knee is maintained with the right hand, an attempt is made, by 
lifting with the fingers of the left hand and depressing the right hand, 
with or without lotation, as is demanded, to place the head definitely 
below the acetabulum It may require a little time to stretch the tissues 
below the acetabulum, but no great force is necessary The last pro- 
cedure is to relax the pressure on the knee while the forward position 
of the head is maintained , and the head will be found to sink gently 
into the acetabulum Often, it will be found at this stage that reduction 
has become possible by the more usual method of lifting the head of 
the femur over the posterior lip of the acetabulum 

Davis method Merrill, 4 having worked for many years with the 
late Dr G G Davis of Philadelphia, feels that his method of reduction 
of congenital dislocation of the hip has the great merit of gentleness 
and perfect control, and that familiarity with the method should be 
more general The essentials and order of the procedure are direct 
pressure, flexion, internal rotation, abduction, external rotation The 
patient is placed prone on a flat, firm table, evenly padded, and the 
leg is allowed to hang downward close to the side of the table There 
are two phases of the procedure 1 The pelvis is fixed by one assistant, 
while another grasps the foot and knee, flexing the thigh toward the 
axilla, internally rotating the thigh and making pressure toward the 
head of the femur in line of its axis, keeping the thigh close to the 
trunk The operator directs these movements and makes pressure 
downward on the trochanter toward the tuberosity of the ischium 
2 When the head has been pushed to the posterior brim of the 
acetabulum, the operator grasps the knee and trochanter, extending and 
abducting the thigh toward the transverse plane of the pelvis, and, 
within the bounds of safety, making pressure on the trochanter toward 
the acetabulum, at the same time gently rotating the thigh inward and 
outward If these procedures are not successful, the first phase is 
repeated until the head is pushed downward to the obturator groote 
It is then carried upward through the cotyloid notch by means of 
external rotation and extension The plaster cast is applied m i\hat 
seems to be the most stable position for the individual case 

4 Merrill T Bone &. Joint Surg Oct , 1922 p 789 
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Denuce’s Method Adams, 5 after a personal observation of Denuce’s 
methods and results at Bordeaux, has been greatly impressed by both 
The procedure closely resembles the manipulation of Ridlon, except 
that tight adductors, which have been powdered with talcum, are 
gradually stretched by gentle stroking by the operator’s palm and thenar 
eminence downward m the longitudinal axis of the thigh No violence 
or great force is used in any stage of the manipulation The patient 
lies on his back As the adductors become relaxed, the thigh is brought 
up to right angle flexion and full abduction No attempt is made to 
reduce the hip until the thigh will he on the table at right angles to the 
trunk The operator stands beside the affected hip and flexes the 
thigh, the knee being carried across the trunk in the direction of the 
opposite axilla, and the thigh being firmly pressed down upon the 
anterior body wall The knee is held high in this position, a slight push 
being exerted m line with the axis of the fenuu The fingers of the 
operator’s other hand are placed under and around the head, neck and 
trochanter, lifting upward and pressing the muscles m between the 
head and the side of the pelvis 

In the next step, circumduction, the knee is carried across the trunk 
toward the affected side and then slowly downward to the surface of 
the table, and gradually abducted During this procedure, the fingers 
behind the head are held firmly in place and exert a lifting force 
Circumduction is slowly continued until the thigh is brought to a right 
angle with the trunk and lies flat on the table, the assistant meantime 
holding the pelvis firmly by pressure on the opposite iliac crest and 
anterior superior spine The head is now felt to come gradually forward 
and lodge in the acetabulum The term “oozes in” has been applied 
The limb is ordinarily put in 90 degrees of flexion and abduction, the 
plaster extending from the nipple line to the ankle The child is sent 
home and kept recumbent for three months, when, frequently, the cast 
below the knee is, removed After six months, the cast is cut into a 
lower and an upper half, and daily applications of hot sand bags are 
made to the anterior surface, while the child lies m the posterior shell 
Heliotherapy is instituted The child is encouraged to lift and straighten 
the leg voluntarily At the end of the ninth month, the whole cast 
is removed to allow active motion and exercises of the glutei As ^ an 
aid m these exercises the parents construct a water tight box and n | 
with a brine solution so buoyant that the child bobs up and down m i 
Weight bearing is allowed one year from the time of reduction 

Results of Reduction of Congenital Dislocation of the Hip— 
bank 0 estimates that an anatomic cure ought to be obtained bv man 

TAcbuns, Z B J Bone & Joint Surg July 1922, p 523 

6 Fairbank Brit J Surg , Tidy 1922 
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lative reduction in about 75 per cent of the unilateral and 50 per cent 
of the bilateral cases in the early years (before the age of 6) In the 
vast majority, function, foi many years at least, should be excellent 
Some successes may be obtained by a second manipulation if the first 
fails, but he recommends an open operation within two or three weeks 
of the second attempt The operation which he advocates is not an open 
reduction, but an attempt to make an upper lip for the shallow acetabu- 
lum without opening the joint Open reduction should be reserved 
for those cases in the middle age group in which manipulative pro- 
cedures have failed In only carefully selected cases should open opera- 
tion be performed after the age of 6 years 

Evans 7 has been impressed with the bad results which follow 
attempts by untrained surgeons to reduce congenital dislocations of 
the hip 

Repot t of Commission to Investigate the Best Methods of Treat- 
ment of Congenital Dislocation of the Hip — The commission appointed 
by the American Orthopaedic Association, consisting of Goldthwait, 
Adams and Willard 8 emphasizes the importance of careful study of the 
individual case before and after operation The depth and confor- 
mation of the acetabulum, the shape of the femoral head and the 
angulation of the neck, as well as the axis of the epiphyseal cartilage, 
are of great importance in prognosis The commission is convinced 
that the violence used m reduction bears a direct relation to the large 
number of abnormally shaped heads which must make good permanent 
function less likely They believe that the methods of Ridlon and 
Denuce are the best thus far devised They consider that, of the 
machine methods, Hibb’s is the least objectionable It resembles the 
procedures of Ridlon and Denuce except that the forward movement of 
the head, once it has been drawn down sufficiently, is accomplished 
mechanically instead of manually 

Bernstein 9 reports the successful open reduction of a congenitally 
dislocated hip m a woman of 21, with 4 inches (10 cm ) of shortening 
He removed a portion of the outer lip of the iliac crest and fastened 
it by bone screws over the upper lip of the acetabulum, in order to 
deepen the cavity The gluteal muscles and the capsule were freely 
stripped down and out, and great force was necessary in traction to 
accomplish the reduction The after pam was so severe that Bern- 
stein recommends preliminary injection of the sacral canal to overcome 
the distressing symptoms of nerve stretching 

7 Evans Brit J Surg , July, 1922 

8 Goldthwait, J E , Adams, Z B, and Willard, DeF P J Bone &. Joint 
Surg , Oct , 1922 p 821 

9 Bernstein 1 Bone &. Joint Surg, Juh, 1922, p 481 
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[Ed Note — It seems to us interesting that strong advocates of the 
push lather than the prill method of i eduction of congenital dislocation 
of the lup are coming forward The procedmes of Groyda, Schanz, 
Davis, Ridlon and Denuce have many points of similarity The most 
staking common point is then gentleness and avoidance of trauma, not 
only to the femoral head, but also to the soft parts The advantage of 
great gentleness is also stiongly bi ought out by the report of the Com- 
mission of the Amencan Orthopedic Association Nothing can be more 
impressive than a senes of roentgenograms of the femoral heads and 
acetabnla taken y ; ears after successful manipulative reductions A large 
pi oportion show changes m shape which must at least threaten perma- 
nent perfect function Trauma at the tune of reduction seems the 
most likely cause foi these changes J 

The Pi oduction of Tempo) cn y Paralysis m Difficult Cases of Con- 
genital Dislocation of the Hip — Robertson 10 advocates a method of 
pioducing temporary' relaxation of the adductor muscles, the contraction 
of which he considers as much moie important than the hour glass 
contraction of the capsule or the tension of the psoas muscle as an 
obstacle to i eduction Two weeks before the attempted reduction, he 
exposes the obtuiatoi neive and ligates it with silk suture tied m a bow 
knot, the ends of which piotrude through the wound Beneath the 
first tie of the bow, another strand of silk is placed, the ends of which 
also protrude through the wound The ligature may thus be untied and 
removed after the wound is closed Constriction of the neive main- 
tained m this way for from one and one-half to two hours may be 
expected to produce a paralysis lasting for six months The tendon of 
the adductor magnus is also divided at the adductor tubercle, since it 
has a separate nerve supply He has employed the method also in 
securing ahnement in certain difficult fractures of the long bones 

[Ed Note — The Editors have had no expenence with this method, 
but do not recommend it a pi 101 1 They are not convinced that the 
contraction of the adductors is the greatest obstacle to reduction, nor are 
they sure that a two weeks’ paralysis of these muscles would sufficiently 
relax a long existing shortening Moreovei, it is larely difficult to 
stretch the adductors, manually or mechanically, sufficiently to over- 
come the obstacle which they present to reduction, and after the hea 
has been replaced, their tightness is rather to be desired as a retentne 
foice The most serious danger of Robertson’s procedure would seem 
to be the lack of certainty as to return of power m the ligated ner\e 
In our experience, permanent damage to nerve supply has occasion, y 

& Obst , Aug , 1922 p 230 


10 Robertson Surg Gvnec 
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been suffered by accidental constrictions, which have been seemingly 
less complete and severe than that which the author deliberately 
produces ] 

Patella Bifaitita — Blencke 11 reports two cases of supernumerary 
patellae or double sesamoids This condition is congenital, but in both 
his cases a trauma had been sustained, and the findings were supposed 
to be the result of the accidents Blencke calls attention to the impor- 
tance of making roentgenograms of both knees in industrial cases, and 
to the ruling out of a calcareous deposit in the prepatellar bursa, spon- 
taneous fractures in tabes, etc Patella bipartita may have its sesamoid 
at either the upper or the lower end, and there may be two or more 
fragments, looking at first sight like fractured pieces, but on close 
inspection found to have smooth, sharp, noncorrugated edges 

Absence of Both Tibiae , Bone Ti ansplants — Congdon, 12 encounter- 
ing a case of congenital absence of both tibiae m a 3 year old child who 
was much impi oved and made able to walk by bone transplanting opera- 
tions, has made an interesting observation In both legs, he discovered 
a piece of cartilage occupying the space of a portion of the proximal 
extremity of the tibia In one leg, he preserved this, and brought it in 
contact with his grafts Subsequent roentgenograms showed that 
ossification was taking place within the cartilage, and a more stable 
leg was gained on this side than on the other, from which some of 
this cartilage had been removed 

Os Tibiale — In eight cases of painful feet, Peltesohn 13 has found an 
os tibiale over the scaphoid He was satisfied that this was the cause of 
the symptoms in pronated feet resulting from irritation of the syndes- 
mosis, from strain of the tibialis posticus tendon Plaster strapping and 
foot supports relieved the symptoms Peltesohn calls attention to the 
relative frequency of supernumerary bones in cases of painful feet 

Vaius Defoimity of the Humerus m Mia ocephahcs and Cretins — 
Merlim 14 has made a careful study of the humeri in cases of micro- 
cephalies and cretins The normal angle of the humeral head with the 
shaft is from 140 to 150 degrees The angle in microcephalies and 
cretins is from 104 to 126 degrees He concludes that (1) varus 
deformity of the humerus occurs in 33 per cent of cretins and micro- 
cephalies, (2) the deformity never reaches an extreme degree, the angle 
never being more acute than 100 degrees, (3) this diminution in the 
angle is constant, the other deformities are variable, (4) a frequent 
if not constant peculiarity of the humeral head lies m the fact that the 

11 Blencke Ztschr f orthop Chir 42 291, 1922 

12 Congdon Northwest Med , July, 1922 

13 Peltesohn Klin Wchnschr , April 15, 1922 p 783 

14 Merlim Chir de Org di Mov , Tuh , 1922 
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articular cartilage, instead of ending at the margins of the head, is con- 
tinued over the upper part of the anatomic neck and may cover even 
the greater tuberosity 

rickets 

Kjerrulf 15 calls attention to the fact that evidence of rickets is 
common m skeletons of children of the stone age found in Scandinavian 
countries The first full description of the disease was given in 1554 

About 1600, it became very common in England, and spread over Europe 
almost in epidemic form The literature on rachitis shows that the necessity 
for sunlight and fresh air has always been emphasized by physicians m the 
treatment, but it has taken nearly three hundred years to supply the scientific 
proof of the reasons why sunlight and fresh «ur are so mdispensible 

Marfan 10 states that when rachitis develops before the child is 4 
months old, the first evidences are noted in the skull It next attacks 
the ribs, and last the bones of the limbs In older children, the ribs 
exhibit the first changes, and the bones of the upper extremity are 
affected before the bones of the lower extremity Roentgenography of 
the wrist is usually very instructive, the bones here being nearly always 
involved 

Rickets in India — Hess, 17 m the Cutter lecture at the Harvard 
Medical School, spoke of the occurrence of rickets m India In the 
Nasik district of the Bombay Presidency, where the population is made 
up of an upper class of well-to-do Hindus, and a lower group of laborers, 
who are uneducated and poor, the incidence of the disease is most 
interesting It occurs almost exclusively among the prosperous class 
The dietary of this upper class is far superior to that of the lower class, 
among whom the disease is almost absent The mode of life, however, 
of the first group, enforced by social and religious custom, particularly 
among the women and children, is largely an indoor existence Screened 
from public view, they lack fresh air, sunlight and exercise We must 
abandon the idea that rickets is necessarily a disease of poverty It is 
to be found in the breast-fed infants of the well-to-do It attacks 
chiefly those who lead an indoor existence 

Vitamins and Rickets — In an editorial m The Journal of the Amer- 
ican Medical Association, 18 attention is called to the opinion of the Balti- 
more group of investigators that the power of certain fats to initiate the 
healing of rickets depends on the presence in them of a substance which 
is distinct from fat-soluble vitamin A The facts seem to demonstrate 


15 Kjerrulf Hygiea, July 16, 1922 

16 Marfan Nourrison, Mav, 1922, p 145 7R m6 (June 

17 Hess, cited m Rickets in India, editorial, J A M A 78 2966 U 

24) 1922 
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the presence of a fouith vitamin in addition to the already known A, B 
and C factors The specific property of this fourth vitamin, as far as 
it can be conjectured, would seem to be to regulate the metabolism of 
bone Important as is cod liver oil in the treatment of rickets, it is 
evidently not the exclusive source of antirachitic potency 

Expenmental Rickets — Shipley 19 well sums up the results of experi- 
mental studies in rickets 1 Rickets is a disease of metabolism, usually 
due to faulty food 2 It may be produced in rats by certain diets con- 
taining an improper balance between calcium and phosphorus, when an 
uncharacterized substance associated with certain fats is absent or 
deficiently supplied 3 There are two kinds of rickets in rats one, a 
low calcium type produced by diets relatively low in calcium but con- 
taining an approximately normal amount of phosphorus, other things 
being equal, the other, a low phosphorus type, produced by diets defi- 
cient m phosphorus, with a normal or high calcium content 4 Some 
uncharacterized organic substance which is present m abundance in cod 
liver oil enables the organism to compensate for a defective calcium 
phosphate ratio in food 5 Exposure to sunlight or to the rays of the 
quartz lamp (mercury vapor) will give the same result 6 Either of 
these factors will induce healing in the bones of rachitic animals 
7 Starvation will also induce healing These investigations leave a 
great many questions still unsettled Some of them we are in a position 
to answer, others await further study 

Ultiaviolet Radiation — Kramer, Caspans and Howland 20 report 
five cases m which children showing clinical evidences of rickets, 
confirmed by roentgen-ray examination, were treated by systematic 
exposure to the rays of a mercury vapor quartz lamp Treatment was 
followed m every instance by healing of the rachitic process in the 
bones The inorganic phosphorus concentration of the serum of these 
children was low (from 2 7 to 3 2 mg) before the treatment was 
initiated, but gradually inci eased to a maximum of 6 mg with the 
appearance of calcium deposition in bones So far as could be judged, 
healing of the bones occurred at about the same rate after irradiation 
as after the administration of cod liver oil The changes in the phos- 
phorus concentration of the serum were identical with those found 
after treatment with cod liver oil The pigmentation of the negro 
child’s skm did not seem to interfere with the action of the light rays, 
colored children requiring no more intensive treatment to bring about 
healing than did white children 

19 Shipley J Bone & Joint Surg, Oct, 1922, p 672 

20 Kramer, B , Casparis, H, and Howland, J Ultra\iolet Radiation m 
Rickets, Am J Dis Child 24 20 (Julv) 1922 
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Carbon Light Treatment— Hess and Unger 21 have employed in the 
treatment of lickets a carbon arc lamp similar to, but smaller than, that 
employed m the taking of motion pictures The infants were exposed 
nude, except for eye coverings or spectacles, at a distance of from 
3 to 9 feet, the exposure vaiymg from fifteen minutes at 3 feet, to two 
hours at 9 feet There was no tendency to superficial burn and no 
tanning of the skin (compare Rollier’s theory of pigmentation) 
Eleven cases were so studied by clinical, chemical and roentgenologic 
examination repeated at least every month In every instance, there 
was a rapid subsidence of the signs of rickets, as was evidenced by 
roentgen-ray examination, frequently after daily exposures foi only 
two weeks Improvement consisted of calcification of the lower 
epiphysis of the radius and ulna, which increased progressively as the 
treatment continued Accompanying these changes was the constant 
increase in the inorganic phosphate of the blood, which in some cases 
had a tendency to fall after roentgenotherapy was discontinued Animal 
experiments showed that carbon lamp exposures of three minutes daily 
at 3 feet weie sufficient to bring about this protective effect 

Adolescent Rickets — Lewin 22 reports five cases of adolescent 
rickets It seemed well established from the statements of the patients’ 
families and earlier photographic records that the marked deformities 
which were exhibited, chiefly genu varum or genu valgum, had devel- 
oped during the adolescent period, from 14 to 18 years Some of these 
patients had had infantile rickets, but no cause was found for the 
adolescent condition other than a softened condition of the bones, result- 
ing m a gradual and painless development of the gross deformity during 
the adolescent period The disease apparently became quiescent, and 
operative correction of the deformity was successfully accomplished 
Four of the five cases occurred in girls 

Corrective Operations on Severe Rachitic Deformities — Rhode* 3 
hdS employed the following technic in operating in cases of extreme 
rachitic bowing of the legs His purpose is to obtain as complete 
correction as possible and insure regeneration An Esmarch bandage is 
applied, and the periosteum is carefully dissected back at the seat of 
operation, being left m close contact with surrounding tissues A piece 
of bone sufficiently large to enable a thorough correction of the 
deformity is subpenosteally resected, and the cavity temporarily packed 
with gauze soaked m warm saline solution The resected piece is spit 
by a saw, and the marrow is removed without being destroyed 1 ie 


A F, and Unger, L J Use of Carbon Arc Light in Prevention 
J Cure of Rickets, J A M A 78 1596 (May 27) 1922 
?? I ewm Surg Gynec & Obst , July, 1922 
23 S Arch f Orth - » Wall -Ch.r 20 281, 1922 
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cortex is then cut into small pieces with a rongeur The removed 
marrow sui rounded by these cortical chips is placed m the wound cavity, 
and the periosteal tube and soft tissues and skin are tightly sutured 
about it The Esmarch bandage is removed after the wound is closed, 
and blood fills the empty spaces inside the periosteal tube The correc- 
tion is now made, and plaster is applied, and is left on for three weeks, 
following which a second plaster is employed for four or five weeks 
Some weight bearing is allowed with the second cast The author 
reports firm union m eight or nine weeks after operation In one of 
his cases, a wedge-shaped osteotomy, four months previously, had 
resulted m a pseudarthrosis Union m this case, after Rhode’s operation, 
was as prompt as m his other cases 

[Ed Note — This procedure seems to the Editors to be unnecessarily 
complicated An attempt is made to overcome difficulties (nonunion 
and incomplete correction) which, m their experience at least, occur 
only in exceptional cases, m which the simpler methods of osteoclasis 
and wedge-shaped osteotomy have been employed ] 

SCOLIOSIS 

Treatment by Hinged Plasteis — Hanausek 24 has employed a plaster, 
cut horizontally and firmly united at the back by a hinge, with a hori- 
zontal axis placed at the junction of the two curves The jacket is put 
on while the patient is in a standing position The pressure is applied 
to the deformity of rotation, but no attempt is made to correct the 
lateral curve Wooden levers are used daily on each half to rotate the 
spine Sometimes the joint is fitted with cogs Excellent results are 
shown m photographs taken eight months after the treatment was 
begun, and the improvement in the lateral curve is said to be as strik- 
ing as the improvement in rotation The article needs to be read to 
be appreciated 

Fencing Position foi the Application of Scoliosis Jackets — Roeder- 
ei ’s 25 illustrations also show good results m grave right dorsal, left 
lumbar curves from the application of jackets m the so-called fencing 
position In a right dorsal, left lumbar curve, the subject is seated on 
the left buttock , the left knee is flexed , the right leg is extended back- 
ward, and the left arm forward, so that the right leg, the trunk and the 
left arm are m a straight line, forming an angle of 45 degrees with the 
fiooi Fenestrae in the cast allow traction from both sides by means of 
broad bands This form of application has been emploj'ed in thirty-two 
cases, and in one month the improrement is said to hare been infinitely 
greater than by the Abbott method 

24 Hanausek Rev d’orthop , March, 1922, p 130 

25 Roederer Paris med , Tuly 15, 1922 p 1003 
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Scoliosis Accompanying Chiomc Open Pneumothotav— Gurd, 20 
after a long expenence with chronic empyema, states that as a rule 
chrome infected open pneumothorax, if long continued, is followed 
by scoliosis Curvature of the spine is toward the healthy side of the 
chest, and is consequent on pressuie exerted on the spine by the con- 
tracting nbs of the diseased side He has obtained correction of the 
deformity by means of extensive thoracotomy with removal and division 
of several ribs 

TUBERCULOSIS 

Pinna) y Synovial Foci — Rogets,- 7 arguing from clinical observation, 
takes exception to the evidence presented by those who maintain that 
tuberculosis of the joints always arises from a focus m the bone, and 
that the joint structures aie involved as a secondary infection He 
feels that clinical evidence obtained from early operation on knee joints 
in which the articular surfaces are found macroscopically undiseased, 
while tubercle bacilli are found in excised synovial tissue, argues for at 
least occasional primary synot lal membrane infection in tuberculosis, as 
in other infections The progress of the disease as studied by the 
loentgen rays, he believes, suggests this also 

[Ed Note — While Rogers’ clinical evidence is important and his 
views are shared by many surgeons, he must accept the burden of proof 
In substance, Nichols and Allison and other laboratory investigators of 
tuberculosis of the joints say, “Give us a specimen of tuberculosis of the 
joints m any stage and we will find a bone focus which we believe to 
be primary to the synovial infection ” It is difficult to obtain these 
specimens, if they exist, for such joints are not excised Until it is 
done, howevei , and capable pathologists find in such joint material only 
synovial membrane and capsule tuberculosis, and are unable to find any 
focus m the bone, the discussion must needs go on, and the opinion 
of Rogers and many other able clinicians lacks positive proof ] 

Tube) culosis m Children as a State Pioblcm — Brown, 2S writing on 
the care of suigical tuberculosis m children m the commonwealth of 
Massachusetts, reaches the following conclusions 

1 At piesent, we have no accurate statistics m this state as 
to the number of nonpulmonary cases of tuberculosis This lack is 
due to the physicians and hospitals of the state failing to report their 

cases This can and should be corrected 

2 Surgery m tuberculosis of children is and always should be tie 
exception, and it should always be made only an incident m the genera 
and necessarily prolonged treatment 


26 Gurd, F B Scoliosis Accompanying Chronic Infected Open Pneumo 

thorax, Arch Surg 5 366 (Sept ) 1922 

27 Rogers T Bone & Joint Surg, Oct, 1922, p 679 

28 Brown Boston M & S T. Sept 28, 1922 p 470 
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3 In children, operations for spinal immobilization are not advisable, 
and in adults without the proper postoperative care, do not give the 
results claimed 

4 In tuberculosis of the spine m both children and adults, the 
ambulatory and supportive treatment has not given satisfactory results 

5 In childien, the ideal treatment is recumbency for at least from 
two to three years, followed by carefully observed and protected weight- 
bearing for two years more 

6 In adults, in selected cases, the operation for spinal immobiliza- 
tion may be advisable, if it can be followed by at least six months’ 
recumbency and a year or more of supportive treatment 

7 There are no state or municipal hospitals with an adequate 
equipment or a personnel which can adequately carry out the proper 
prolonged treatment of recumbency and heliotherapy 

8 It is the duty of the medical profession of the state to urge the 
legislature to provide adequate opportunity for the treatment of non- 
pulmonary as it is provided for pulmonary cases 

Tuberculosis of the Os Calcis — Frisch, 28 before the Vienna Society 
of Physicians, presented a patient operated on by Gersuny eighteen 
years previously for tuberculosis of the os calcis, which had been excised, 
and the astragalus mobilized, so that its head occupied the place of the 
heel process of the os calcis The patient had a normal gait and no 
subjective symptoms other than the slight discomfort of a flat foot 

Tuberculous Epiphysitis of the Great Trochanter — Keith 30 reports 
a case of tuberculosis of the epiphysis of the great trochanter m a boy 
of 12 The physical and roentgenologic examination suggested a neo- 
plasm There were enlarged superficial veins, bone destruction, and 
the shadow of an outlined tumor, at operation shown to be an abscess 
There was a history of injury Keith thinks tuberculosis of the great 
trochanter more frequent than the literature would suggest 

Tuber culm Tr eatrnent of Bone and Joint Tuber culosis — Graf 31 has 
administered tuberculin systematically m 100 cases of surgical tuber- 
culosis in the course of heliotherapeutic treatment His experience 
would seem to indicate that tuberculin is contraindicated m all such 
cases unless the process is sharply localized, torpid and obstinately 
refractory to other methods of treatment Heliotherapy seems to 
reduce the tolerance for tuberculin 

A New Plaster Shell for the Treatment of Pott’s Disease m Chil- 
( h cri ■ — Schwartz 32 emphasizes the importance of inducing the forma- 

29 Frisch Munchen med Wchnschr, 1922, No 14, p 531 

20 Keith Am J Roentgenol , Sept , 1922 

31 Graf Deutsch Ztschr f Chir 171 57 (June) 1922 

32 Sch\\art7 J Bone &. Joint Surg , Oct, 1922 p 789 
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tion of compensatory curves and modifying the shape of the spinous 
processes without separating the surfaces of the tuberculous vertebrae 
The ordinal y shell, lunged at the apex of the kyphos, was found by 
roentgenologic studies to be often applying the fulcrum unmechanically 
and incorrectly at different levels of the spine In the frame or shell 
which he has devised, the head and thighs are supported, as well as the 
spine An adjustable fulcium is ai ranged as broad as the diseased area 
At the level of the seventh dorsal vertebra, the fulcrum is placed opposite 
the apex of the kyphos In lesions above the seventh dorsal vertebra, 
the fulcrum should be placed slightly below the apex of the kyphos 
Approximately one quartei inch should be subtracted for each vertebra 
above this level In lesions below the eighth dorsal vertebra, the fulcrum 
should be placed slightly above the apex of the kyphos, adding approxi- 
mately one quarter inch for each vertebia below this level Emplcn- 
ment of the shell, mounted on uprights, permits the taking of lateral 
roentgenograms as controls of mechanical efficiency, while the patient 
is resting m it 


POLIOMYELITIS AND SPASTIC P XRALYSIS 

Communicability and Set urn Ticatment of Poliomyelitis — Amoss ss 
summarizes the work from the Rockefeller Laboratory thus 

Distribution of the virus in the host The virus has not been found in 
either the cerebrospinal fluid nor the blood of human subjects, but has been 
found in both in monkeys The virus has been found in the nasal washings of 
both human and monkey cases The definite time of disappearance has not 
been determined There is doubt concerning the virus in the stools 

Route of Infection It appears that the virus is transferred by chance either 
directly or indirectly from the nasal mucous membrane of the host to the nasal 
mucosa of the susceptible new host It is propagated in the central nervous 
tissues of the host, but does not survive external conditions of mediation 
Defense Mechanism The nasal washings of healthy adults, but not of 
children, neutralize the virus In monkeys large doses intravenously rarely 
cause infection It has been observed that a positive Schick test m poliomyelitic 
children is present twice as often as the expected occurrence in children of the 
same age in the general population 

Carriers The virus seems to have a greater chance of surviving m the 
nasal secretions of a carrier than in the recovered case Healthy carriers hare 

been demonstrated , 

Communicability The stage of communicability is from one wee 

to two weeks after the onset 

Prevention In Vermont the patient and the intimate contacts are quara - 

tmed for three weeks * 

Treatment Since the lesion is tucked away in the most ‘ h 

inaccessible parts of the body, treatment is a difficult art Serum fro ^ 

recovered cases is recommended, as it is believed to have a S re and 

content The serum for intraspmal injection must be free from pa 


New York State J Med , June, 1922, p 256 
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hemoglobin The results from serum treatment seem to show definitely when 
analyzed that the disease is arrested in cases treated within forty-eight hours 
after the onset with more than 50 c c of the serum 

Poliomyelitis Dining Influenza Epidemics — Hiller 34 reports ten 
cases of affections of the spinal cord during a recent influenza epidemic 
in Dresden In six of the cases, the clinical picture was that of an 
acute anterior poliomyelitis In three, it resembled an acute diffuse 
myelitis, and in one there was a sudden paralysis of the bladder The 
latter patient recovered completely The paralysis m the others slowly 
retrogressed, but traces of it remained Hiller’s study of the records 
shows an epidemic appearance of disease of the central nervous system 
m the great influenza epidemics of 1712 and 1889-1890 

Diagnosis, Pi ognosis, and Early Tieatment of Poliomyelitis — 
Lovett’s 35 long experience makes the article of great value, especially m 
a disease in which every case is an individual anatomic study The 
special points he makes are 1 Diagnosis should be made on a basis 
of physical examination rather than on the history 2 Tenderness is 
a guide of great importance in diagnosis, prognosis, and treatment 
3 Early treatment consists of rest 4 In the convalescent stage, muscle 
fatigue is our chief danger, and muscle reeducation our chief reliance 
5 Deformities prevent proper function and favor muscular deterioration 
Ti eatment of Poliomyelitis m Childi en — Girdlestone 36 describes the 
principles of treatment laid down by Sir Robert Jones At the onset, 
the child is wrapped in cotton wool and kept absolutely at rest for six 
weeks or more, plaster or retentive splints being applied over the wool 
Next comes the stage of gentle massage In the second stage, the 
principles carried out are (1) posturization of the trunk and limbs, 
(2) correction of deformities , (3) resumption of function of the 
ganglion cell and the affected part by slow stimulation of light massage, 
reeducation, guarded active movements and locomotion without over- 
strain Electricity is considered of doubtful value 

Acute Poliomyelitis m an Adult — Winther 37 reports a carefully 
studied case of poliomyelitis of the Landry type, a sporadic one, running 
a very acute course, and fatal in eighteen hours Paralysis occurred 
as a result of the involvement of the anterior horn motor cells of the 
respiratory muscles first, the diaphragm (phrenic nene), then the 
intercostal muscles, and finally the auxiliary respirator} muscles A 
detailed account is given of the histologic examination of the cord m 
the region involved 

34 Hiller Deutsch Arch f klm Med , May 5, 1922, p 143 

35 Lovett, R W Diagnosis, Prognosis and Earh Treatment of Poliomre- 
lltls » T A M A 78 607 (Mai 27) 1922 

36 Girdlestone Brit M J , Sept 20, 1922, p 596 
°7 Winther Hospitalstidende, July 5, 1922 
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Accessory Muscle Movements m Deltoid Paralysis —Pollock 38 dis- 
cusses, on the basis of four observed cases, the supplementary motility 
in abduction m complete paralysis of the deltoid He cites Bunts’ report 
of nineteen cases of paralysis of the circumflex nerve, in seven of 
which function was recovered In four of these, there was no deltoid 
pow er Pollock points out the importance of the long head of the biceps 
and of the supraspinatus and infraspinatus muscles In combined action 
with the coracobrachiahs, these muscles may be able to abduct the arm 
65 degrees When the head of the bone is firmly fixed m the glenoid 
fossa by the subscapularis and the pectorahs major, the serratus magnus, 
trapezius, rhomboids and levator anguli scapulae may bring about fair 
abduction 

Static Relations Between Foot and Knee in Paialyzcd Legs — In 
cases of total paralysis of the foot associated with paralysis of the 
quadriceps, Putti 39 has obtained a successful blocking of dorsal flexion 
of the foot at an angle of 110 degrees, by inserting a graft from the 
shaft of the tibia into the anterior part of the astragalus The top of 
the graft is so placed as to impinge on the anterior margin of the tibia. 
In cases of instability of the subastragalar joints, he adds an arthrodesis 
between the astragalus and os calcis, and between the astragalus and 
scaphoid He has performed the operation m six cases, all due to 
poliomyelitis, m children between 7 and 16 years of age The period 
of observation following the operation varied from two years and four 
months to six months The results to date of last observations, both 
clinically and from the roentgenograms, were gratifying 

[Ed Note — D iscomfort from impingement following fractures in 
this region is common, and we see no reason why such discomfort 
should not obtain if the blocking was deliberately produced as is pro- 
posed m this operation ] 

Spastic Conditions Intrapei ineui al New otonty — Nutter 40 considers 
that mtraperineural neurotomy should be performed only m those cases 
that can be under the surgeon's care for several years, and m which 
spasm of the muscles is the chief cause of loss of function This spasm 
may be limited to a few muscles and yet standing and walking be prac- 
tically impossible, rendering the patient incapable of mingling with other 
children Nutter outlines the technic and after-treatment which he 

employs 

3g~Poliock, L J Accessory Muscle Movements m Deltoid Paral>sis, J A. 

M A 79 526 (Aug 12) 1922 

39 Putti Chir de Org di Mov April, 1922 

40 Nutter J Bone & Joint Surg, Julv, 1922, p 453 
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ARTHRITIS 

Types of CInonic Aitlmtis — Swaim 41 described three types of 
arthritis which he believes are distinct m their etiology and pathology, 
and in their clinical and roentgenologic manifestations He employs 
Goldthwait’s nomenclature, calling them infectious, atrophic and hyper- 
trophic The response to treatment differs in the different types, and he 
considers clinical data of value only when these types are studied as 
separate pathologic entities The closest association between the internist 
and the orthopedic surgeon should exist in treatment It should be 
the function of the internist to discover the cause and to arrest activity , 
the function of the orthopedic surgeon, to prevent and correct deformity 
and to preserve function Normal body function and normal body 
mechanics are interdependent Restoration of normal body mechanics 
may turn the scale favorably 

The Second Gi eat Type of Chrome Aitlmtis — Ely 42 considers that 
sufficient evidence has been accumulated to indicate that the second 
great type of chronic arthritis is probably caused by a protozoon which 
almost invariably gams access to the system through the diseased bone 
at the roots of decayed teeth Its prime characteristic is an aseptic 
necrosis m the marrow in the immediate vicinity of the joint It is 
recognized roentgenologically by the presence of spurs or lipping at the 
lines of attachment of the capsule It occurs about twice as often in 
men as in women It is a disease of middle or late adult life, never 
occurring before the third decade Up to the present time, the best 
results in the treatment have been the removal of the focus m the 
alveolar processes of the jaws 

Amebiasis of Bones — Kofoid and Swezy 43 examined material from 
the excised head of a femur, in the immediate neighborhood of the 
necrotic areas, close to the eburnated surface of the joint The material 
was received from Ely’s clinic, he having obtained it from a case 
belonging to his second great type of arthritis Kofoid and Swezy 
found ameboid cells which they interpret as Endameba dysentei lac m the 
specimen The question arises as to whether the ameba of the bone is 
that of the bowel ( Endameba dysenteuae) , or the ameba of the teeth 
and tonsils ( Endameba gmgivahs ) From their critical morphologic 
studies, they incline to the view that the ameba of the bone is Ameba 
dysenteuae rather than Ameba gmgivahs They state that, in their 
experience, coexistence of infection by Ameba dysenteuae and chronic 
arthritis has been frequent They believe that only a tentatne con- 
clusion can as yet be reached 

41 Swaim T Bone &. Joint Surg , Julj, 1922, p 426 

42 Eh California State J Med , Oct , 1922 p 329 

43 Kofoid C \ , and S\\ez\ Olne Amebiasis of Bones, T \ M A 78 
K02 (Ma\ 27) 1922 
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[Ed Note— Swann’s classification has the advantage of being a 
wor king classification, but the disadvantage of being a mixed etiologic 
and pathologic one Ely’s classification of Type I and Type II has at 
least the merit of simplicity, though it cannot be said to be descriptive 
We know that there are forms of chronic arthritis m which infection, 
local or 1 emote, plays the most important etiologic role These are so 
many and so varied that our present knowledge perhaps forbids an 
accurate pathologic classification Nichols and Richardson, finding that 
m this type the synovial membrane changes consisting in villous forma- 
tion came early, proposed the name of proliferative arthritis, and 
noting that ankylosis was the usual end-result, also spoke of the type 
as the ankylosing type This type corresponds to Ely’s Type I Nichols 
and Richardson recognized that another distinct type existed, m which 
the early joint changes were represented by a fibrillation and degener- 
ation of the cartilage, and that the terminal changes rarely resulted in 
bony ankylosis They, therefore, speak of a degenerative or non- 
ankylosing type, which corresponds to Ely’s Type II and Swaim’s 
hyperti ophic type They could find no evidence clinically 01 patho- 
logically of an infection m this type, agreeing with Swaim and disagree- 
ing with Ely’s latest opinion Whether there is, as Swaim holds, a third 
distinct type, which Goldthwait, Swaim, and others, notably McCrae, 
call the atrophic type, the Editors are not certain, though undoubtedly 
there are many cases in which atrophic areas and bone destruction 
appear at the joint line veiy early, associated with vasomotor changes 

Such changes may be produced with certainty m the bones of guinea- 
pigs fed on a scorbutic diet, as Dr Percy Howe at the Forsyth Dental 
Infirmary has so well shown These joints go on to ankylosis, but 
whether these changes are purely metabolic or chemical, or whether they 
are the direct result of bacterial infection made possible by the lowered 
joint and bone tissue resistance to bacterial body habitants, harmless 
under normal conditions, remains to be demonstrated Certain it is. 
as Swaim says, that the internist and the orthopedic surgeon must labor 
together m the study of perhaps the most important chronic disease 
that exists, and must attack the problem from both the biochemical and 
the bacterial approaches, and from the vantage ground of improvement 
m body mechanics and restoration of function We trust that Ely, 
working perhaps with such an eminent protozoologist as Kofoid, wi 
continue his investigations as to the etiologic importance of Ameba 
dysentenae or Ameba gmgivalii ] 

Acute Ai ticalai Typhoid — Thiroloix and Harmehn report a cas 
of acute multiple arthritis which developed shortly after injury to ie 

44~ Thiroloix and Harmehn Bull et mem Soc med d hop de Pans, JW 
7, 1922, p 1054 
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feet, in a young man Multiple hemoirhages occurred, and typhoid 
bacilli were discovered m the blood at the end of the third week 
Salicylates proved of no avail, and the exsanguinated patient died m 
two months 

Spondylitis Due to Leukemia — Melchior 45 describes a case of a boy 
of 11, who complained of rather sudden onset of pam m the lumbar 
spine At examination two months later, rigidity and tenderness were 
found, and a diagnosis of tuberculous caries was made An Albee 
operation was performed, but an infection occurred and the graft was 
removed The blood showed a leukemia, and at necropsy, two months 
later, the fifth lumbar vertebra was found destroyed by lymphatic cells 
A lymphatic focus was also present m the femur One previous similar 
case was reported in the Lancet in 1914, page 173 

The Effect of Sodium Salicylate on the Development of Aitlmtis m 
Rabbits — Boots and Swift 40 have carried out a series of experiments 
to determine whether sodium salicylate administered to rabbits by 
stomach tube m doses comparable to those given to patients with acute 
rheumatic fever would prevent arthritis in animals inoculated with 
cultures of Sti eptococcus vmdans Fifty rabbits were studied Twenty- 
five were inoculated and twenty-five were used as controls Twenty- 
three developed arthritis, and the authors consider that this proves that 
salicylates do not prevent arthritis The animals receiving the salicylates, 
however, seemed from an analysis of the joint fluids to have a less 
severe arthritis than did the controls 

Sulpliui Treatment of Chiomc Aitlmtis — Weskott’s 47 experiences 
with the administration of sulphur m the treatment of chronic arthritis 
have not been so favorable as he had expected them to be from the 
reports of Meyer-Bisch and the French authors He encountered severe 
general reactions, such as vomiting and tremulousness, which persisted 
for several hours In many cases, there was little if any relief from 
pam in the affected joints 

Tonsillectomies foi Rheumatism in Adults — Hastings 48 has reviewed 
critically the results of 130 tonsillectomies performed on adults between 
19 and 65 for the purpose of relieving rheumatic symptoms of pain and 
stiffness in the joints, lequinng in some cases crutches and apparatus 
There were no cases of definite, well established “rheumatoid arthritis 
and none of the patients w r ere bedridden Previous throat trouble bad 

45 Melchior Zentralbl f Clnr Noi 25 1922, p 1737 

46 Boots R H, and Swift H F The Effects of Sodium Salic\late on the 
De\elopment of Arthritis in Rabbits Inoculated with Streptococcus Yiridan^ 
ahstr T A M A 78 1922 (Tune 17) 1922 

47 Weskott Munclien Med Wchnschr 1922, Xo 18 p 674 

4S Hastings *\nn Otol , Rhinol & Lanngol March 1922 
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existed in about 66 per cent of the cases Sixty-nine cases were 
classed as mild chiomc arthritis, twenty-eight, as moderate, and four, 
as severe, three, as acute aithutis, six, as neuritis, and twenty as 
myalgia 

Of these 130 patients, Hastings considered from observation and 
reports that forty, or about 30 pei cent , were cured, fourteen, or about 
9 per cent , were gieatly improved and twenty-four, or 19 per cent , not 
improved In twenty-nine cases, the results could not be traced 

Absoiption from Joints — S Draganesco and A L Draganesco 49 
have studied the absorptive power of joints by injecting various drugs, 
such as potassium lodid and methylene blue, into diseased joints, and 
examining the urine thereafter They also injected the drugs subcu- 
taneously and examined the joint fluids They conclude that joints 
possess considerable absorbing power foi fluids injected directly into 
them but not for drugs injected elsewhere in the body subcutaneously 

NEOPLASMS 

Pathologic Fiactincs — Codman, 50 in an interesting short paper read 
before the Clinical Congress, American College of Surgeons, makes 
the following chief points legarding pathologic fractures 1 Fracture 
is the symptom of onset m a central lesion suggests bone cyst, and if 
the patient is 15 years of age or younger, it may be looked on as almost 
pathognomonic (Bloodgood) 2 Pathologic fractures are usually 
transverse, with little tendency to displacement They are liable to be 
bendings, bowings, buddings, telescopings, and impactions 3 A safe 
surgical nomenclature of bone tumors is the following (a) osteitis 
fibrosa, which includes ordinary bone cysts and the hemorrhagic osteo- 
myelitis of Barrie, ( b ) Bloodgood’s giant cell tumor, called myeloma 
in Canada and Europe, which may prove malignant, (c) giant cell 
sarcoma — ail epulis-like tumor with “foreign body giant cells”— which 
eventually proves malignant, (d) true osteogenetic sarcoma, either 
central or periosteal, ( e ) metastatic new growths, cancer, hyper- 
nephroma, etc, (/) multiple myeloma, with or without albummosuria, 
(g) tumors of tissues which normally occur m bone as well as m other 
parts of the body, such as nerves, vessels and fat, causing bone destruc- 
tion and proliferation secondarily (fortunately rare), (/*) tumors too 
common and well understood to be included, e g , chondroma, osteoma, 
and lesions of syphilis and tuberculosis, (t) tumors too rare and little 
understood to be taken into practical consideration, e g , the tumors o 
the specific marrow cells 4 Fractures due to benign bone tumors and 
other pathologic conditions, excluding new growths, usually unite 

"Vd^msco, S, and Draganasco, A L Prasse mad, Aug 30, 1922, P 
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Those due to carcinoma and other metastases rarely unite 5 Judging 
from the material accumulated by the Registry of Bone Sarcoma, it 
should be a general rule to employ splints m all cases of tumors of the 
long bones as soon as they are observed, particularly those of the 
humerus and femur, which are not supported by companion bones 
Pathologic fracture occurred in 14 per cent of 200 supposed cases of 
sarcomas of the long bones Of nineteen humeral cases, it occurred m 
47 percent , of the 102 femur cases, m 15 per cent , and of the seventy- 
nine cases of the four self-splinting bones, in only 5 per cent 6 As 
regards fracture as a cause of sarcoma, exuberant callus resembles 
true sarcoma and perhaps the cause will be found to be a negative rather 
than a positive one, such as the removal of an inhibition in the process 
of repair On this theory, malignancy would be an unbridled repair 
process 

Hemonhagic Osteomyelitis — Barrie 51 has personally observed 
forty-two cases of what he terms hemorrhagic osteomyelitis The age 
incidence was from 18 months to 63 years Seventy-five per cent of 
these solitary lesions had, according to Barrie, a traumatic etiology 
Bacteria were never isolated in any of the removed tissue The lesion 
occurred in the lower extremity three times as often as m the upper 
extremity, in the femur most frequently, and next in the tibia Pressure 
always revealed tenderness and elicited pain Signs of inflammation 
were lacking The dominant pathologic picture is that of highly vascu- 
lar granulation tissue filling a bone cavity There may be localized 
fibrous metaplastic areas and numerous scattered hyaline bodies in and 
around the hemorrhagic mass Scavenger giant cells may be many or 
few, but true tumor giant cells are never found in these lesions A 
preoperative diagnosis without a roentgenogram is impossible There 
is usually in the early lesions a clear-cut, rounded or oval spot on the 
■cortex Expansion of the bone is observed without breaking through 
the periosteum Any chronic bone lesion which has broken through the 
periosteum should be regarded with suspicion as to malignancy unless 
the lesion is known to be definitely" suppurative The treatment con- 
sists of removing all exuberant granulations and thoroughly curetting 
the bone cavity wall Swabbing out with tincture of 10 dm may" stimu- 
late normal bone production If hemorrhage is severe, packing for 
forty-eight hours may" be necessary The healing of large cavities is 
promoted by" filling with bone graft shavings or chips 

Saicoma of Bone — Gibbon" 2 describes a lesion in the loner end of 
the femur which, from the roentgenogram was diagnosed as a new 
growth and at operation was thought to be a giant cell tumor Micro- 

51 Birrie J Bone & lomt Surg Oct 1922 p 65 5 

52 Gibbon T Bont S. Joint Surg Juh 1922 p si 2 
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scopically, it proved to be a laige iound cell sarcoma with a few giant 
cells The growth was removed as completely as possible, amputation 
being leftised Recuuence m three weeks necessitated a second opera- 
tion, and four weeks latei amputation was necessary The case is of 
interest as occuinng in a 16 year old boy, and because both roentgeno- 
graphically and in gross specimen it closely resembled a giant cell 
growth The author urges the importance of accurate microscopic 
diagnosis 

Total Removal of the Scapula foi Pnmaiy Giant Cell Sat coma — 
Davis reports the occurrence of a tumor of the scapula necessitating 
total excision, m a patient, aged 24 The tumor proved on pathologic 
examination to be a laige giant cell saicoma Ten weeks following 
the operation, the patient reported by letter that she was doing general 
house woik without difficulty and was able to make beds, wash dishes, 
sweep, dust and lion, and comb hei own hair The operation was per- 
formed as follows An incision was made over the tip of the coracoid, 
extending outward along the coi acobrachiahs The tip of the coracoid 
was exposed, and the attachments of the pectoralis minor, coraco- 
brachiahs and shoit head of the biceps were divided The subscapular 
artery and vein weie freed and ligated An incision was then made 
from the superioi angle of the scapula along the veitebral border to 
the lower angle, and this was connected with another incision extending 
from the tip of the acromion along the spine of the scapula The 
muscles attached to the scapula were divided in the following order 
tiapezius, the rhomboids, latissimus dorsi and teres major and minor 
The serratus magnus was cut just as it passed undei the external bolder 
of the subscapulai is The lowei angle of the scapula was then elevated 
and the remaining muscles, consisting of the levator anguli scapuli, 
omohyoid and deltoid, weie cut as they came into view The descend- 
ing branches of the transverse colic and the transverse scapular arteries 
were cut and tied The acromion was then disarticulated from the 
clavicle, and the shoulder joint was opened posteriorly The long head 
of the biceps and the triceps attachment were divided, and the glenoid 
process was removed fiom its connection with the humerus A run- 
ning suture was employed to gather together the mass of muscles and 
form a muscular pocket about the head of the humerus The wound 
was closed with drainage, and the arm was dressed m slight abduction 
by means of a thick axillary pad 

Pi cvalence of Bone Saicoma m Massachusetts — Codman ^ makes 
a further report of the progress of the Registry of Bone Sarcoma In 
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a previous aiticle, seventy-one living persons presenting possible cases 
had been located m Massachusetts Further investigation has reduced 
this number to nine If giant cell tumors should be included, there 
would be at least twenty-two more Four practical points have been 
thus far brought out 1 The diagnosis should be made with great cau- 
tion 2 Bloodgood’s claim as to the benign character of giant cell 
tumois is confirmed by the experience in Massachusetts 3 True 
osteogenetic sarcoma is almost always fatal, the rare exceptions occur- 
ring m cases m which amputation is performed 4 Since only nine 
persons having bone sarcoma (excluding the giant cell tumors) can be 
located m a population of approximately 4,000,000, there are probably 
only 225 in the United States Codman urges the importance of regis- 
tering persons who refuse operation but are treated with roentgen rays, 
radium, Coley’s serum, etc 

Roentgen-Ray Diagnosis of Tumors of Long Bones — Nichols, 55 in 
an endeavor to simplify the roentgenologic diagnosis of bone tumors, 
suggests a differential method based on the observation of four funda- 
mental points (1) their origin, whether medullary or cortical, (2) 
whether or not they are characterized by bone production, by bone 
destruction, or both, (3) the resultant condition of the cortex, whether 
expanded or destroyed, and (4) whether the growth is invasive or non- 
mvasive His classification of tumors is presented in the accompanying 
table 

CLASSIFICATION OF TUMORS 


1 Origin 


a Medullary 


b Cortical 


Sarcoma 

Carcinoma 

Hypernephroma 

Myeloma 

Periosteal sarcoma 
Osteosarcoma 
Osteoma 
Enchondroma 


Fibroma 
Bone cyst 
Enchondroma 
_ Giant cell sarcoma 

Ossifying hematoma 
Myositis ossificans 
Bone cyst (rare) 
Exostoses 


2 Bone Production 


Periosteal sarcoma 
Osteosarcoma 
Osteoma 
Exostoses 


Ossifying hematoma 
Mjositis ossificans 
Enchondroma 
Bone c>st after fracture 


3 Condition of Cortex 


a Expanded 


b Destrojed 


( Enchondroma 
( Bone cyst 
f Sarcoma 

( Carcinoma 


Invasion 

a Imasne Ml malignant tumors 
b Nommasnc Ml benign tumors 


( Giant cell sarcoma 
( Fibroma 
f Hipernepbroma 
< Mi eloma 
( Periosteal sarcoma 


55 Nichols Surg, Gjnec &. Obst , Sept, 1922, p 301 
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Tumois of Bone — Bloodgood 50 suggests the following working 
rule for the diagnosis and treatment of tumors of bone If a patient 
is under 1 5 years, we can exclude sarcoma, and the diagnosis rests 
between the common bone cyst, the less frequent giant cell tumor and 
the rare chondromyxoma If the patient is over 15, sarcoma cannot be 
excluded The most common central lesion of bone is the benign bone 
cyst In the majority of cases, they recover without any treatment 
The second is the giant cell tumor, which predominates m patients 
over 15 Myxoma may occur at any age from birth to death Myxoma 
must be constantly borne in mind, and is the most difficult of all bone 
tumors to eradicate locally 

The location of the tumor is also important whether m the end of 
the bone, in the joint, or m the middle of the bone near the nutrient 
foramen , the last being the favorite site of the metastasizing carcinoma 
Malignant tumors do not cross a joint, so that a lesion involving both 
sides of the joint is always a benign process Whether the tumor is 
single or multiple, is also important, as is also the age of the patient 

[Ed Note — Differential diagnosis of bone tumors is far from 
certain by any known method, particularly roentgenoscopy This is 
altogether natural when we remember that even with the gross speci- 
men before him and the slide under the microscope, the pathologist is 
often uncertain as to its character Often there is such widespread 
lm olvement of the bone that it is impossible to determine the point 
of origin or the invasion While in sympathy with any effort to sys- 
tematize the diagnosis, we are under the impression that the one point 
of importance is whether the growth is benign or malignant, and that 
the best way to determine this is by immediate exploration and patho- 
logic examination The relation of the region to be examined is also 
of importance, and occasionally the surgeon well trained in gross 
appearances m malignant disease must be governed by his finding quite 
as much as by the report of the pathologist, made necessarily somewhat 
incompletely at the time of operation ] 

Fibrous Tumor of the Foot — Thorek 57 reports two unusual cases 
of large benign fibrous tumors of the foot, one originating near the 
internal malleolus and the other in the plantar fascia Both were 
widely excised, and the skm defect was dosed at a latei stage by ^ bo e 
thickness grafts A review of the literature reveals the extreme rarity 
of this type of growth, the majority of such tumors being malignant 

Caicinoma of the Vertebrae — Sicard 08 calls attention to the differ^ 
ential diagnosis between cancer of the spine and tuberculous caries ) 


56 Bloodgood Northwest Med , Sept , 1922 
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means of roentgenograms The condition of the intervertebral disk he 
considers indicative In Pott’s disease, the disk is early affected or 
destroyed, while in carcinoma it is comparatively intact and the body 
is chiefly affected He considers that the explanation of this lack of 
disk involvement in cancer may be found in the poor blood supply of 
the disk, while the metastasizing cells are planted in the bodies of the 
vertebrae by their richer circulation 

Bone Metastasis from Pnmaiy Carcinoma of the Unnai y Bladdei — 
Wells, 59 in five cases of cancer of the urinary bladder, in which necropsy 
was performed, found only one with bone metastasis The mam 
tumor was in the sternum, in several of the nbs and in the ilium 
There had been no symptoms referable to the bladder in this case 

OSTEOMYELITIS 

Regcnei ation of Shaft of Humetus Following Acute Osteomyelitis 
— Nifong 60 reports a case of complete regeneration of the shaft of 
the humerus m a child of 12, in which there had been destruction en 
masse, so that the sequestrum represented all the shaft except the artic- 
ular ends The periosteum with barely palpable flakes of bone repre- 
sented the mvolucrum No transplant was employed, but the periosteum 
was sutured together Complete reformation of the humerus occurred 
after twenty-three months, and motion was only a little short of normal 

An Analysis of One Hunched and Sixty Cases of Osteomyelitis, 
with End-Results — Speed, 61 for purposes of report and study, divides 
osteomyelitis into four types acute localized, chronic localized, acute 
diffuse and chronic diffuse Twenty-nme of his 160 cases were local- 
ized and 131 diffuse Eighty per cent of the diffuse type occurred 
before the age of 15 Those of localized type were cured by thorough 
curettage and removal of the localized disease In the acute diffuse 
type, twenty-one cases, there was a definite history of trauma in 55 
per cent In this group, there were four cases showing multiple lesions 
A conservative, trap door, simple drainage of the bone was established 
as soon as the diagnosis was made For purposes of this report the 
author considers a patient cured when no symptoms have been evident 
for at least a year There were nine apparently complete cures, fne 
incomplete cures and seven deaths The high mortality is accounted 
for by the fact that se\ eral of the patients were m a desperate condi- 
tion when brought to the hospital There were 110 cases of the chronic 
diffuse type The average number of operations performed in each 
case was three Ten per cent of the lesions had been healed for \ar\- 


59 Wells T Urol Mai 1922 

60 Nifong Missouri State M \ J, Mai, 1922 
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mg periods of from six months to fifteen years, at various times, before 
the recurrence which brought them to the hospital Of the sixty-four 
persons operated on, one died of sepsis, 14 per cent were still under- 
going drainage and 84 pei cent were cured, or at least had remained 
without symptoms for at least one year The records of this series do 
not favor complete subperiosteal resection of the tibia, radius or ulna, 
even when practically the entire shaft is involved Any loss of con- 
tinuity of bone is to be avoided Defects of only a half inch cause a 
marked prolongation of the period of disability Simple fractures 
though the mvolcrum have all united much like normal bone 

CJuomc Bone Abscess — Brickner, 02 proceeding on the theory that 
in chronic bone abscess of afebrile character the infective organism has 
either been entirely destroyed or at least greatly attenuated m virulence, 
advocates the treatment of such cases by conservative rather than bv 
radical surgical procedures His procedure consists m exposing the 
bone through a small incision and driving a drill, one-fourth inch m 
diameter, through the cortex into the pus cavity With the escape of 
pus, the drill is removed and nothing else is introduced into the bone 
A cultuie is made to determine what, if any, living organisms are pres- 
ent, and a smear is also made and examined at once If, instead of none 
or a few bacteria, many are found, the procedure may be altered A 
small dram of folded rubber dam is laid m the soft parts, down to but 
not into the bone opening, and the wound is closed The author has 
used this method m selected cases for several ) ears, with relief of pam 
and without recuirence of symptoms 

[Ed Note — We have been impressed with the fact, as pointed out 
m previous reports, that there is need for greater conservatism m the 
tieatment of chronic osteomyelitis, and this is substantiated by Brick- 
ner’s observations At the same time, it must be admitted that no con- 
clusions as to the end-results of treatment m cases of osteomyelitis are 
possible until the lapse of many years, and opinions as to the value of 
this particular method should not be formed until the case reports and 
end-results are published j 


BONE, JOINT AND TENDON SURGERY 

Beef Bone Pegs — Tarnowsky 63 has employed a beef-bone intra- 
medullary peg in fifteen cases of recent fractures, for internal fixation, 
and m two cases of ununited fracture of the neck of the femur, wit :i 
success in all but one case Union occurred and the bone was well to - 
erated He considers the fate of these heterogenous grafts to be epen- 
dent on the following considerations 1 With the proliferation o new 
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cells from the living proximal and distal ends of the fractured bone 
keeping pace with absorption of dead cells from the graft, complete 
disappearance of the latter coincides with complete union of the frac- 
ture 2 With hyperactive new cell formation and sluggish absorption, 
the graft constitutes a sequestrum which either ebumates and remains 
in a state of quiescence, or may act as an irritant foreign body, with 
sinus formation 3 With hyperactive bone absorption and sluggish 
new bone formation, the graft disappears by combined extrusion and 
absorption before union takes place 

Girode, 64 on the other hand, in Delbet’s clinic, has had a most 
unfavorable experience with beef bone implants m fifteen cases of 
pseudarthrosis or fracture of the neck of the femur The bone was 
obtained from the tibia or ulna of freshly slaughtered cattle and pre- 
served in alcohol Delbet has abandoned the method 

Beef Bone in Stabilising Opel ations on the Spine — Brown 65 has 
employed boiled beef bone, cut from the rib, carefully sterilized b} 
boiling, and inserted after the manner of an Albee graft into the split 
spinous processes He reports results in thirty-three adult patients and 
one child Twenty-nine were operated on for tuberculosis of the spine, 
four for old fractures, and one, an adult, for an unstable spine fol- 
lowing poliomyelitis It was demonstrated that the beef bone was tol- 
erated by the body for as long as four and one-half years without am 
sign of irritation or inflammation and only slight indications of absorp- 
tion The end-results in this series and m experimental work on dogs 
leads the author to feel that immobilization of the spine can be more 
surely accomplished by fusion of the laminae and articular facets than 
by means of a beef-bone splint inserted between the spinous processes, 
even if the laminae and articular facets are fused on one side, in addi- 
tion In the cases of tuberculosis of the spme in adults, a careful inves- 
tigation revealed the fact that half of the cases had more than one 
focus of tuberculous infection, and in six there were two separate foci 
m the spme 

[Ed Note — This rather extensile and careful \\ ork of Broun is 
of value and seems to the editors to indicate that surgeons will prob- 
abl) be disappointed if the\ depend on boiled beef bone to act more 
than temporarih as a nomrritating internal splint In se\ eral of 
Browm’s cases, it w r as possible to reexamine the splint when a second 
operation w r as performed for a later de\ eloping second focus, and in 
one case in which the graft was broken from exce^n e lifting Although 
the beef bone was found to hate been perfecth tolerated it showed 
little sign of actual fusion with the spinous processes and was m places 

64 Girode Re\ de clnr , CO 60 1922 
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lying free m a tube of bone, the tips of the spinous process having 
united ovei it, but not with it In other places, absorption was slowly 
taking place In the light of these studies, it seems to us that the pro- 
cedure which Kleinberg 00 has employed in stabilizing scoliotic spines 
is not likely to accomplish its purpose This consists, in addition to a 
fusion operation, of implanting a long beef bone splint on the concave 
side of the curve into two spinous processes above and below, which 
have no intimate contact with denuded bone over a considerable span 
We doubt the permanent efficiency of this supporting strut ] 

Transplantation of the Fibula — MacAusland and Sargent 07 report 
successful cases of transplantation of the fibula to replace the loss of 
the entire shaft of the tibia following osteomyelitis The upper and 
lower ends of the bone were transplanted at different peiiods in order 
to preserve the blood supply Hypertrophy of the fibula resulted, with 
normal function of the ankle joint and no instability 

Pai a- A) ticulai Ai tin odcsis of the Hip Joint — Kappis 68 has immo- 
bilized the hip joint in fouiteen cases of old tuberculous coxitis by 
implanting a heavy bone and periosteal graft between the trochanter 
and the iliac crest He considers that the results justify the extensive 
use of this method 

Nove-Josserand 69 also, m discussing the indications for the differ- 
ent methods of surgical fixation of a joint, comments on Maragliano’s 70 
success with a long bone graft similar to the graft employed by Kappis 
These grafts retained their vitality, although contacted only at their 
two ends He points out that this procedure runs no risk of lighting 
up the old tuberculous piocess The results he considers most satis- 
factory He prophesies a brilliant future for the method 

[Ed Note — This procedure would in no way correct existing 
defoinuty, which is often one of the mam reasons for attempting an 
arthrodesis We have rarely if ever met a recurrence of the old dis- 
ease after a well-executed arthrodesis, and we should also doubt the 
permanence in many cases of this graft, contacted, as it must be, with 
such a thm bone as the ilium ] 

Resection of the Knee in Childi en — Nussbaum 71 has reviewed the 
excellent records of Garre in regard to the end-results of resection of 
the knee joint in children Shortening was the most important fin 
mg, the amount bearing some relation to the age of the child, as was 
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to be expected When the epiphyseal lines were left undisturbed, the 
shortening was less marked, but in many cases even thus conservatively 
treated, it was considerable Another important fact was the partici- 
pation of the foot in the disturbance of development, the cavus deform- 
ity which ensued being noticeable A subsequent flexion of the knee 
developed in several cases The course of the disease was undoubtedly 
shortened in many cases, and Nussbaum considers that there may be 
social indications for the operation 

A New Appioach foi Ankylosis of the Jaw — Beckenheimer 72 pro- 
poses a new approach to the temporomaxillary articulation for an arthro- 
plastic operation in cases of ankylosis A vertical incision is made 
just behind the auricle, avoiding above the vessels to the outer portion of 
the ear and not extending low enough to reach the facial nerve The 
auricle is turned forward, and the external meatus divided He states 
that the exposure of the joint is excellent, and the method has the great 
advantage of safety as far as the facial nerve and the parotid gland are 
concerned The condyle is resected and a fascial flap intei posed The 
auricle is carefully stitched in place and a drain placed in the meatus 
The scar is unnoticeable 

Ai tin oplasty — Putti 73 has on record 113 cases of operative mobili- 
zation of stiffened joints forty of the knee, thirty-eight of the elbow, 
seventeen of the hip and ten of the jaws He considers that the greatest 
advance which has been made in the operation is the interposition of 
the free fascial transplant His general principles embody a free expo- 
sure of the joint, cutting as few as possible of the structures which 
induce motion and are essential to weightbearing He covers both ends 
of the bone with free fascial flaps He never drains the new joint and 
lays great stress on traction on the distal segment This he maintains 
for a month Passive movements carried out by the patient himself, 
by means of a simple suspension apparatus, are begun on the tenth 
day When complete healing has taken place, hot-air treatment is 
begun, which is continued each day for several months Putti considers 
that stimulation of the muscles by electricity is more efficient than mas- 
sage Weightbearing is allowed m thirty days, aided In a simple 
mechanical apparatus This is a critical period, and the joint ma\ be 
stiff and a little painful Care must be taken at this period not to push 
the hot-air treatment too far and it maj be best to suspend it for a few 
da\ s and cautiously resume it He considers that success is most liheh 
in elbow operations knee law and hip operations following m the 
order given 

Beckenheimer Dentsch med \\ ehnschr lime 2 1 °22 p 729 
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Roereiv 4 in an aiticle on mobilization of the ankylosed knee joint, 
describes his technic and emphasizes the importance of stimulating and 
developing the extensor muscles in every way before the operation, and 
of exerting traction aftei the operation He fashions the femoral’ con- 
dyles like a rollei and then makes concave the upper end of the tibia, 
implanting a flap of fat tissue extending between the ends and up 
beneath the mobilized patella His results make him feel that the indi- 
cations foi the operation are even wider than Payr suggests m his latest 
papers His conti amdications are extensive injury to the extensor 
apparatus He considers that the prognosis in cases in which the 
ankylosis is due to purulent infection must always be doubtful 

V olkmann s Ischemic Conti action- — Soubeyran 75 reports an excel- 
lent lesult, in a boy of 10 suffering from this crippling affection, by resec- 
tion of 2 cm of the ladius and ulna The bone was removed subperi- 
osteally at different levels m the two bones, the sutured periosteal cuff 
letammg the position The plaster fixation held the elbow flexed, 
the hand in supination, and the fingers fully extended The fixation 
was retained for twenty-five days, and function then resumed The 
case has been followed for eight years, and function remains complete, 
with eventual shortening of the arm of 1 5 cm 

Wavelike Incisions foi Conti actui cs — Ritschl 70 has employed a 
wavelike incision in the skin to avoid secondary contractions of the scar 
m operations for the relief of joint contractures, such as tenotomy of 
the hamstrings and Dupuytren’s contracture The scar permits stretch- 
ing as does a spiral spring, and crosses and recrosses the contracted deep 
structures at single points, thus minimizing the danger of adhesion 
between skin and tendon 

Tendon Ti ans plantation foi Musculospual ( Radial ) Nerve Injury 
— Billington 77 has always obtained greatly improved function m his 
cases of muscle transplantation for this lack of musculospiral innerva- 
tion, and he feels reasonably sure, with an intelligent patient and a 
favorable condition of the tissues, of securing a functional result closely 
approaching that of a normal hand He employs a technic slightly dif- 
ferent from that of Jones, McMurray and Starr The pronator radii 
teres is sutured to the extensor carpi radiahs Iongior and brevior, the 
flexor carpi ulnaris to the extensor minimi digiti, and the extensor com- 
munis digitorum and the flexor carpi radiahs to the three extensor ten- 
dons of the thumb He believes the index finger functions withou 
a suture to its special tendon, and that he secures more perfect thumb 
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function if the extensor longus pollicis is included He is careful to 
cover his sutures with fascia The application, immediately following 
the operation, of a specially molded, accurately fitting long cockup splint 
with thumb piece, which will positively maintain the proper attitude of 
the fingers and thumb, he considers essential m the after-treatment, as 
is also patient reeducation of the muscles and physiotherapy, for a 
period of two or three months 

Postopa ative Caie of Flexion Conti action of the Hip — Stewart 76 
has devised a simple and practical method of maintaining adequate 
hyperextension of the hip after Soutter’s operation of fasciotomy, by 
means of an adjustable wooden or metal frame He justly emphasizes 
the importance of aftei-care m these cases, which are likely to develop 
unfortunate complications due to nerve stretching or circulatory dis- 
turbances 

[Ed Note — The editors have employed this frame with much 
satisfaction ] 

Rcpaii of Tendons in Fingers — Bunnell , 79 in a carefully prepared 
article, discusses the repair of old tendon injuries of the fingers and 
hand, illustrating it by reports of difficult personal cases, with convinc- 
ing photographic records The points which he considers fundamental 
in the technic are the atraumatic handling of the tendons and the 
reconstruction of the gliding mechanism In repairing an old injury 
of a flexor tendon of the finger, it is not practical to suture the tendon 
in the finger, because the sheath has been obliterated and there is not 
sufficient room to surround the suture line with a free fat graft thick 
enough to allow motion When the suture line pulls over two joints, 
it is necessary to remove entirely the damaged tendon from the finger 
and to replace it with a free tendon graft The suturing of the tendon 
can then be done at its insertion, and in the palm or forearm, where 
adhesions will do less harm When the sheath has been obliterated, it 
is necessary to transplant not only the tendon, but also its gliding 
mechanism, either sheath or paratenon The repair of both sublimis 
and profundus tendon is too difficult, and it is sufficient to replace the 
latter only and sacrifice the former Function is necessary to keep 
a tendon graft in good condition Grafts may be obtained from the 
sublimis tendon, the palmans longus, the long extensors of the toes 
(a branched tendon), tubulanzed triceps, fascia lata, etc The suturing 
of the tendon must be len strong in order to permit the all important 
postoperatne exercises and for this purpose the author has found it 
ier\ advantageous to emplo\ a special clamp for holding the tendon 

~8 Stewart I Done X. Joint Surg, Tuh 1922 p 54S 
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and guiding the quilting sutures It is difficult to remove a tendon 
neatly from a mass of adhesions, and especially from beneath the 
annular ligament and from within a finger, and for this purpose he 
has devised a special stripper For placing a tendon with its paratenon 
through a tunnel in the finger, he uses a special type of flexible probe, 
with expanded middle and funnel-shaped rear end to carry the tendon 
Quite often after a tendon repair or an infection or general traumatism, 
it is necessary to plane off the adhesions by the use of the tendon 
stripper, with immediate active movement following Longitudinal 
incisions in the palm and the flexor aspects of the fingers should be 
avoided Transverse incisions in the palm and lateral incisions in the 
fingers are better Postoperative immobilization should not be employed 
For a flexor tendon, the wrist may be strongly flexed and held by a 
check rein of adhesive plaster running up and around the forearm, 
robbing the muscles pulling against the tendon which has been operated 
on of their power to exert too much traction, but allowing active 
movement This may be maintained for five weeks , until union is 
solid Cooperation by the patient is essential, and he must be willing 
to undergo some punishment to obtain a good result The prognosis 
should be guarded, but it is usually possible to restore from SO to 
95 per cent of lost function 

[Ed Note — All who have attempted the repair of old injuiies of 
the tendons of the fingers have been impressed by the great difficulties 
in the way of obtaining good functional results Bunnell has been 
working on this problem for five years He has elaborated a plan 
of operation and a technic which are logical and have produced unusually 
good results The specially devised instruments are ingenious and seem 
to serve a useful purpose The article is difficult to abstract fully and 
we commend its perusal and study to all those called on to treat these 
difficult cases ] 

peripheral nerves 

Late Affections of Ulnar Nerve Following Old Ft actures Lusena 
reviews the literature and reports two cases of ulnar paralysis devel- 
oping eight and eighteen years, respectively, after a fracture of the 
humerus Fractures of the capitellum resulting m a valgus position 
of the arm seem most likely to be followed by this affection of tie 
nerve This is probably because extra tension is brought on the nerve 
(perhaps by growth), or the groove is so altered that the nerve is 
exposed to injuries Electricity, massage, the use of protective appa- 
ratus and operative transposition of the nerve have been trie wi 

varying results 


80 Lusena Chir de Org di Mov , April, 1922 



ORTHOPEDIC SURGERY 


889 


[Ed Note — One of the Editors has operated m three such cases, 
all following fracture of the external condyle In all cases, the nerve 
has been transposed to the front of the joint In two of the cases, the 
paralysis occurred m adult life following fractures m childhood , in the 
third, it came on between two and three years after the fracture In 
one case, nearly complete restoration of function took place, in the 
second, great improvement followed the operation, and in the third no 
change has thus far resulted ] 

Direct Stimulation of Penpheial Nerves — Feiss, 81 from his experi- 
ence with surgical repair of nerve injuries m several hundred cases at 
the American Ambulance, is convinced of the value of direct stimulation 
of the exposed nerve at the time of operation, in determining the pro- 
cedure to be employed and the degree of injury to conduction Many 
possibilities of technical error exist in the use of the method, and he 
formulates rules for their avoidance 1 The nerve should be freed 
for a considerable distance to give free access, but care should be taken 
to avoid unnecessary exposure, m order not to injure the circulation of 
the nerve sheath 2 The effects of mechanical stimulation during the 
freeing of the nerve should be carefully observed 3 Before faradic 
stimulation, the nerve should be isolated by lifting it on a nonconductor 
hook, preferably of glass 4 The nerve should be moistened con- 
stantly, but it should not lie in a saline bath, as this may cause spread 
of the current 5 Bipolar electrodes are preferable to unipolar ones 
The platinum points should be long enough to permit their relative 
positions to be altered by bending 6 Such a current as would be just 
perceptible when applied to the tip of the tongue should be employed, 
beginning with a current of moderate strength 7 Stimulation should 
be exerted on all sides of the nerve, but if there is a neuroma, the 
proximal segment is the important part in an efferent nene, and the 
distal segment in an afferent nerve S If a positive response is obtained, 
the nerve should be separated into its constituent bundles and tested 
individually 9 The precise nature of the responses should be noted 
10 Different ner\es respond m various wa\ s to different frequency of 
current interruptions Slow interruptions should be the rule in the 
beginning, increasing as necessarj 11 If it is decided to excise the 
neuroma, the motor response to the direct mechanical stimulation during 
the procedure should be observed The entire distal portion of the 
limb should be sterilized, along with the operatne field This should 
be left undraped m order that the larious phenomena following stimu- 
lation ma\ be obseried 
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DISLOCATIONS 

Ret) ostcmal Dislocation of the Clavicle — Schlegei 82 describes a 
very rare case of retrosternal dislocation of the clavicle He states 
that only twenty cases have been reported The right clavicle was dis- 
placed 4 cm behind the sternum, causing symptoms of pressure on the 
innominate artery Replacement was impossible, and a resection of 
the displaced end, 3 cm in length, was performed, with an excellent 
functional result 

Anderson 83 repoits a dislocation of the fourth cervical on the fifth, 
the fourth body overlapping the fifth by 2 cm There were no symp- 
toms of cord pressure The case was seen twenty days after the 
accident, a fall backward on the head Reduction was attempted by 
traction of 20 pounds, and manipulation under ether, but failed A 
plaster cast and a head support were applied, and good function was 
assured one year after the accident The roentgenogram at this time 
showed ankylosis and partial absorption of the fourth cervical 

Lateial Dislocation of the Lumbai Vcitehac — Hartley 84 describes 
an unusual traumatic dislocation of the first lumbar vertebra to the 
left of the second, m a man of 38, caused by a heavy stone falling on 
his back The patient was operated on by Sir Harold Stiles By 
forced flexion, the spinous piocesses were separated and the articular 
processes cleaied from one another The dislocation was then reduced 
As there had been ligamentous tearing, an arthrodesis of the articular 
processes was performed Simple dislocations of the lumbar spine are 
very rare, because in forced flexion the cancellous bone of the bodies 
yields more readily than ligaments of the spinous processes and neural 
arches The only other case reported of lateral dislocation of the 
lumbar spme without fracture was that of Charles Bill in 1824 
Exposure of the neural arches and articular processes undoubtedly 
facilitates reduction, and it is suggested that open operation will prove 
of value m reduction of spinal dislocations of the more common types 

Constantim and Duboucher 85 report a luxation of the second lumbar 
vertebra to the right and forward on the third lumbar, with complete 
paraplegia Reduction, which was not obtained by traction m the Sayre 
suspension method nor by manipulation under ether, was secured by 
open operation The authors state that this was not difficult They 
recommend this procedure, as does Hartley m the article reviewe 
above No improvement m the paraplegia resulted 


82 Schlegei Munchen med Wchnschr , 1922, No 14, p 511 
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Tiaumatic Dislocation of the Hip m Childicn — Doelle 80 has 
encountered two cases of tiaumatic dislocation in childien He finds 
only thirty-eight cases lepoited in the hteiature Twenty were of the 
iliac type, six of the obtuiatoi, thiee sciatic, two supiapubic and six 
not specified The mechanism of the injury, the diagnosis and treat- 
ment differed in no way from those in dislocations in adults 

Roello S7 also leports two cases in children of 6 These were 
ischiatic dislocations, one of which became spontaneously iliac after 
rest in bed for a few days on account of the child’s condition Roello 
considers that the ischiatic dislocation, from the nature of the ordinary 
injury, is probably commonly pi unary, and the iliac position secondary 

Dislocation of the Knee — Meadows 88 easily reduced a complete 
forward dislocation of the tibia on the femur in a man of 40, under 
ether, by traction on the semiflexed leg and backward pressure on the 
tibia The patient insisted on lea\ing the hospital on the second day, 
weai mg an elastic bandage He returned to work on the twentieth day 

The 1921 Report of the U S Depaitment of Labor and Industry 
tabulates fourteen cases of dislocation of the knee, with an average 
temporary disability^ of 25 1 days, and an average partial disability of 
83 5 days Foi this year, the dislocations of the knee represented 
16 per cent of all dislocations 

Rccuueiit Dislocation of the Patella — MacAusland and Sargent S9 
present a well illustrated article on recurrent dislocation of the patella, 
on the basis of sixteen cases treated by ? various operative methods 
In two cases, conservative methods were tried, but eventually operation 
was necessary In two, the operation of capsulorrhaphyr was performed, 
in one of which it was a (failure The other was not traced Eight 
were treated by the operative procedure of Goldtlnvait, and four by a 
slight modification of the method, with only one recurrence, later 
relieved by a correction of a rotation deformity of the femur following 
a supracondylar osteotomy The authois give a reference to Gold- 
thwait’s article, but do not refer to the method as his As originally 
described, this method consists of splitting the infrapatellar tendon 
longitudinally, detaching the outer or viciously pulling half from the 
tubercle of the tibia, passing this detached half beneath the intact inner 
or benign half, and suturing it subperiosteally to the tibia on the inner 
side MacAusland and Sargent’s modification, which they prefer, con- 
sists in detaching a small portion of bone with the outer half of the 

86 Doelle Arch f klin Chir 118 , 1922 

87 Roello Chir de Org di Mov , April, 1922 

88 Meadows Northwest Med , July, 1922 

89 MacAusland and Sargent Surg , Gynec &. Obst , July, 1922 
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tendon, and inserting it m a bony pocket prepared on the inner side 
of the tibia 

[Ed Note — This suggested modification seems sound to the 
Editors, as offering perhaps a firmer attachment The important point 
remains that, by this method of tenoplasty, occasionally supplemented by 
a collection of a commonly coexisting rotaiy knock knee deformity, 
recurrence of this cnpplmg dislocation has been entirely prevented ] 


FRACTURES 

Fiactwe of the Capttellmn and Tiochlea — Lindem 90 describes a 
rather rare injury to the humerus at the elbow (seventeen cases in the 
literature) m which the articular face of the bone is split oft by a 
fracture through the cancellous bone The cause seems usually to be 
a fall on the outstretched hand or a blow on the dorsum of the upper 
third of the forearm, the force being transmitted through the radius 
and ulna As a rule, the fragment is displaced anteriorly within the 
capsule, so that the articular surface faces forward Lindem considers 
that excision of the displaced fragment is usually necessary In two 
of Lmdem’s three cases, this was followed by a good functional result 
The third patient refused operation 

Fiactwe of Lozve i End of Radius Associated until Fiactwe oi 
Dislocation of the Loivei End of Ulna — Homans and Smith 01 report 
six cases of these rather frequently associated injuries They consider 
that the initial difficulty in reduction is due to several factors 1 The 
loosening of the ladio-ulnar articulation, which destroys the fulcrum, 
by which the forced inversion of the hand might pry loose and draw 
down the displaced lower radial fragment 2 The pull of the pronator 
quadratus, drawing together the lower 2 inches of the radius and ulna, 
oftenng a most effective resistance to any leverage made 3 The fact 
that straight ti action can be made only on the hand, and not directly 
on the radial lower fragment It is possible also that interposed 
muscle (pronator quadratus or supinator longus) may m certain cases 
prevent reduction , but this has not been demonstrated m the operations 
m the authors’ series The ultimate and postoperative difficulty m 
holding the fractured radius is undoubtedly due to the instability of the 
lower fragment of the ulna, not to the possible fracture of the ulna 
at the level of the break m the radius, but the tearing oft of the u na 
at its articulation with the radius, resulting m a rupture of the strong 
interarticular fibrocartilage They consider that open operation is 
nearly always necessary to replace the radial fragments an 1 
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instances in which the lowei attachment between the radius and ulna 
is severed, secondary displacement and deformity are prone to occur 

Backfhe Injuucs — Bizario, 92 from an analysis of the records and 
roentgenograms of 190 cases of backfire injuries, concludes that (1) the 
commonest single lesion is a crack through the epiphyseal line of the 
radius, (2) the commonest double lesion is a fracture through the 
epiphyseal line plus a fracture of the ulnar styloid, (3) the carpal 
bone most commonly mjuied is the scaphoid, (4) violence is usually 
of the indirect type 

T) aumatology of the Cm pus — Bizarro 03 has also studied 123 cases 
of injury of the carpal bones, finding that m 106, or 86 per cent , the 
scaphoid was fractured This was the only lesion m sixty-eight, or 
55 per cent , and it was a combined lesion in thirty-eight, or 30 9 per cent 
Theie were two cases of fracture of the semilunar, six of the os 
magnum, and four of the unciform Only twenty-seven of the fifty- 
five simple fractures of the scaphoid were seen within a week of the 
injury, but Bizarro believes that m such cases the wrist should be 
fixed m hyperextension, with the thumb included, for four weeks 
He thinks fractures of the scaphoid rarely unite m spite of prolonged 
immobilization, but if seen early and properly treated, result in no 
disability Old untreated fractures are of bad omen 

Dnection Ti action on the Pelvis — In injuries of the pelvis, 
Block 04 has employed direct traction by means of wire passed through 
one or both ilia, with excellent results In combination with direct 
skeletal traction on the femoral condyles, Block believes the method 
applicable for old luxations of the hip joint, extreme overlapping of the 
femur and limb lengthening operations 

Fiactwes of the Neck of the Femur — Two German articles by 
Schmieden 95 and Bonn se advocating radical operative treatment of 
almost all mtrascapular fractures of the neck of the femur are worthy 
of note m contrast to a review of the results of treatment by the Whit- 
man abduction method by Powers 97 These German surgeons advocate 
nailing or pegging when the capsule is not too badly separated and the 
central fragment is attached to it They propose excision of the head 
in all other cases, placing the trochanter m the acetabulum, striving m 
older cases for an ankylosis, and m the younger, for motion These 
surgeons have evidently had no experience with the abduction method 

92 Bizarro Ann Surg , July, 1922 

93 Bizarro Surg , Gynec & Obst , Maj', 1922 

94 Block Arch f khn Chir , July 21, 1922, p 410 

95 Schmieden Munchen med Wchnschr , 1922, No 14, p 526 
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and have perhaps been influenced by such reports as that of the British 
Fracture Commission covering several hundred cases treated by Buck’s 
extension, long lateral splints, wire mesh, etc Only 23 per cent of 
these cases were considered to have favorable results, and Walker of 
the New York Bellevue Seivice and Scudder of Boston consider good 
only 12 or 13 per cent of results by these methods When we com- 
pare the results of the Whitman abduction method reported by Camp- 
bell, 95 per cent good results in seventy cases, by Anderson, 95 per 
cent in 200 cases, and bj Powers, 93 per cent m sixteen cases, ten of 
which were obtained in patients over 60 years of age, it would seem 
to indicate that there is no need, in the vast majority of patients of any 
age, of resorting to open opeiation 

Ncaosis of the Pioumal Fragment in Fiactwc of the Neck of the 
Femw — Axhausen <,s has had an opportunity to examine histologically 
a specimen of a fractured femoral neck in a boy of 16 The fracture 
had occui red ten months before his death from an mtercurrent dis- 
ease Clinicallj and roentgenologicall) , bony union had taken place 
The histologic examination revealed a complete necrosis of the central 
fragment, with a partial transformation into living bone pioceedmg 
from the distal fragment The neciosis of the articular cartilage was 
leading to an arthritis If such a change was taking place m a youth, 
with apparent firm union, it is easy to explain the changes which 
occur so often m older cases under pressure of weight bearing, such 
as secondary displacement of the head and absorption of the head and 
neck 

Muscle Intei position A Cause of Delayed Union m Fiactuies of 
the Feinui — Kidner and Lakoff 90 treated a series of seventy-one cases 
of fracture of the femur between January, 1921, and April, 1922 Open 
operation, except for sepsis existing before the case came into their 
hands oi for debridement in compound fractures, has been performed 
by them for only one reason, namely, because they believed that the 
interposition of muscular or fascial tissue made end-to-end apposition 
impossible and would be likely to delay or prevent union They con- 
clude that (1) if the fragments of a fractured femur are not brought 
into actual bony contact, as demonstrated by roentgenograms taken m 
two planes, undei properly applied traction within three or four days, 
the case should be viewed with suspicion, (2) if specially planne 
methods are not immediately thereafter successful, manipulation un er 
an anesthetic should be the next step, with an attempt to disengage 
the fragments from the muscle, success being appreciated by c ea 


98 Axhausen Arch f khn Chir 

99 Kidner, F C and Lakoff, C 
Delayed Union m Fracture of Femur 


325 1922 

Muscle in Interposition Cause of 
V M A 79 200 (July 15) 1922 



ORTHOPEDIC SURGERi 


895 


rubbing of the bony fragments on one another, (3) if after such 
manipulation and the reapphcation of traction, apposition is still lack- 
ing, as shown by roentgenograms, open operation should be under- 
taken, (4) at open opeiation, the muscle or fascial bands are cleared, 
and if end-to-end apposition of the interlocking type is possible, only 
external splinting is necessary If there is a tendency toward dis- 
placement of the fragments, the authors have employed Galhe’s beef- 
bone plates and screws, Magnuson’s ivory screws, and, occasionally, 
metallic plates and bands They believe the application of these forms 
of internal splints is moie simple and sure than bone grafting 

Spu al F) acini c of the Tibia and Fibula — Caldwell’s 100 experience 
with spiral fractures of the tibia and fibula leads him to believe that 
it is only possible to obtain complete anatomic replacement by oper- 
ative measures Manipulative reduction, and, m two cases, heavy con- 
tinuous traction by means of ice tongs applied to the malleoli, totally 
failed of satisfactory results The author favors banding with the 
Parham Martin band Postoperative splinting is considered unneces- 
sary He reports ten such cases of fracture, two of which were treated 
conservatively, with poor results, and eight by opeiation, seven with 
good results In the latter group, two patients developed serious post- 
operative complications, one, a severe infection, later necessitating a 
resection of 3 inches of the tibia, and the second a nonfatal pulmonary 
embolism and phlebitis of both legs 

[Ed Note — The Editors are unable to agree with Caldwell that 
reposition in spiral fractures of the tibia and fibula can be obtained only 
by open reduction Their own experience with the treatment of such 
cases by the early application of continuous skeletal traction (a pm 
passed above the os calcis) in conjunction with the Thomas splint, has 
been so favorable that, in an active fracture service m a large general 
hospital during a period of two years, open reduction was necessitated 
only once among all the simple fractures involving the shafts of the 
tibia and fibula of whatever type ] 

Postenoi Dislocation of the Foot zuith Posterioi Maiginal Fiactwe 
of Tibia — Thomas 101 contests the commonly held view that posterior 
dislocation of the foot occurs as a result of Pott’s fracture, with 
widening of the ankle mortise That it is a frequent complication of 
Pott’s fracture is not disputed, but its occurrence is only made possible 
by a posterior marginal fracture of the lower articular surface of the 
tibia, which may exist alone, but is frequently associated with other 
ankle fractures A posterior oblique fracture of the lower end of the 
fibula is also a frequent accompaniment The displacement tends to 
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recur unless, following reduction, the foot is locked in strong doi si- 
flexion Turner attributes the erroneous conception of the lesion to 
clinical observations preceding the use of the roentgenogram, when the 
feature of posterior displacement of the foot was recognized but the 
accompanying marginal fracture was overlooked 

[Ed Note — The Editors are inclined to agiee with Thomas m this 
matter, as they have yet to see such a dislocation without accompanying 
marginal fracture Nevertheless, the old teaching remains unchanged, 
that m ankle fractures we must always be quick to recognize and 
correct posterior displacement of the foot ] 

Injuries to the Astragalus — Lotsch 102 brings out two rather inter- 
esting facts m an article on these rather rare traumatic lesions , namely, 
that compression fractures of the astragalus often take place as a result 
of falls of a considerable distance, striking on soft ground, whereas, 
if the surface is hard, compression fractures of the os calcis occur 
Extreme plantar flexion may bring about a fracture of the posterior 
portion, and in such cases, a helpful sign is likely to be severe pain and 
tenderness along the tendon of the flexor longus hallucis 

Metatarsal Fractures — Both Jacobson 103 and Vogel 104 call atten- 
tion to the frequently unrecognized fractures of the metatarsal bones, 
which may occur from slight trauma or from no known direct trauma 
One of the resulting difficulties is the disturbance of the transverse 
arch Special foot supports are necessary 

Calcium and Phosphorus Metabolism in Patients with Fracture — 
Tisdall and Harris 105 make a report of several years’ work on the 
problem of the deposition of bone in fractures Their conclusions are 
as follows 1 The inorganic phosphate content of normal serum from 
birth to 20 yeai s of age is remarkably constant At 20, it drops sharply 
to a lower concentration and is again remarkably constant at this level 
thioughout adult life 2 The drop in the phosphate content of the serum 
at the age of 20 corresponds to the period of cessation of bone growth 
3 During the period of union of fractures m adults, the phosphate con- 
tent of the serum is raised to a level approximately the same as that 
present m childhood , i e , the period of active growth 4 There is a 
close parallelism between the concentration of inorganic phosphate m 
the serum and the deposition of new bone, during both the period of 
growth and the period of repair of fractures 5 In addition to the 
increase which occurs m the inorganic phosphate content of the serum 
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duxing the union of fractures, there is a local metabolic process at the 
site of the fracture, which is probably even more important for the 
production of union than the increased phosphate content of the blood 
serum In some of the animal experiments, this latter phenomenon was 
especially brought out In one animal in which the apposition of the 
fragments was by chance reasonably accurate, there was union , while in 
the others, there was nonunion Administration of calcium phosphate 
or yellow phosphorus or cod liver oil showed a rise in the phosphate 
content of the serum similar to that seen in the clinical cases of fracture 
examined The administration of the various drugs did not appear to 
modify these curves to any appreciable degree As in the clinical cases, 
the calcium curves showed only slight alterations 

Outline of the Treatment of Fiactw es 10G — In the January, 1923, 
number of the Archives or Surgery is published an outline of the 
treatment of fractures, representing the conclusions of a group of 
general, orthopedic and industrial surgeons of large experience m the 
treatment of fractures in civil and military practice The purpose of 
this conference, held in Boston under the auspices of the Fracture 
Service of the Massachusetts General Hospital, was to ascertain whether 
such a group, without previous consultation and trained m different 
schools of experience, could agree on such an outline of treatment 
Somewhat to the surprise of all those present, it was found that, except 
for certain minor and generally unimportant details, they agreed The 
outline above referred to presents their findings This is not an attempt 
to standardize the treatment or to discourage m any way new methods 
or hold the experienced surgeon to any single method, but rather to 
place a helpful outline of treatment of proved worth in the hands of 
the general practitioner, who, as the industrial compensation cases 
show, is at present often giving his patients with fractures neither sound 
initial nor sound after treatment For tins purpose, as well as in the 
teaching of treatment of fractures, this well illustrated outline will 
prove, we believe, very useful 

AMPUTATIONS 

Kmeplastic Amputation of Foieaim — Bosch Arana 107 of Buenos 
Aires has written on the subject of kmeplastic amputation of the fore- 
arm He has been able to produce three active motors in the stump 
of the forearm, and hopes to be able to develop a prosthesis in which 
one motor will flex the fingers, the second extend them, and the third 
control the movements of the thumb 

106 Outline of Treatment of Fractures, Arch Surg 6 172 (Jan ) 1923 
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[Ed Note— That utilization of the muscles and tendons of an 
amputation stump to activate a prosthesis is possible had been demon- 
strated repeatedly However, this work is still m an experimental stage, 
and much is yet to be done to make it practical The chief difficulty 
up to the present has been the failure to develop appliances of sufficient 
mechanical perfection to be really useful Considerable work is being 
done on this subject in Europe, and especially in Italy, where Putti has 
at his disposal admirable workshops and skilled mechanics The Editors 
believe that the problem will be solved, but only when the surgeon is 
working in absolute harmony with skilled appliance makers who can 
carry out his ideas Kineplastic operations performed under other con- 
ditions are at present bound to result unsatisfactorily, and this is likely 
to throw discredit on the entire procedure ] 
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Acute Painful Back Among Industrial Employees Alleging Com- 
pensable Injiay — Conn, 108 after a rich experience with the problem of 
“backache” in mdustiy, is convinced that the first duty of the surgeon 
is to make a correct diagnosis After analyzing 156 cases, he suggests 
the following diagnostic classifications 1 Traumatic strain 2 Postural 
strain 3 Sprain 4 Sacrolumbar lesions 5 Sacro-ihac lesions 
6 Infectious myositis He believes trauma is not the important etiologic 
factor m a large percentage of backaches from alleged trauma On the 
other hand, malmgei ing, he believes, is uncommon, although implied 
to the surgeon by the patient’s conception of the etiology and his over- 
anxiety to obtain recognition of a real disability Persons presenting 
osseous abnormalities in the lower portion of the spine are a potential 
group, especially susceptible to violence, but capable of developing dis- 
ability unexcited by trauma Conditions of sacro-ihac relaxation are 
of infrequent occurrence in mdustiy Sacrolumbal lesions include two 
classes as regards involvement of the articulation, extrinsic and intrinsic, 
the latter representing the grave traumatic lesions of most common 


occurrence 

[Ed Note — The Editois believe that this analysis of Conn, based 
on experience and careful observation, is valuable They find them 
selves in essential accord with his conclusions ] 

Back and Foot St) am in Indust) y —Wilson, 109 m a well illustrated 
article, reviews the etiology of these conditions from the standpoint o 
anatomy, physiology and body mechanics, outlining his ideas as o 
hods of diagnosis and treatment He makes an .mportan, 
which, if adopted, would, in the opinion of the Editors, m > 
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diminish the number of chronic and discouraging cases of disability 
arising m industry This suggestion is that, as a preventive measure, 
those who seek employment should undergo a routine physical exami- 
nation by a well trained surgeon, who would grade them on the basis 
of body mechanics and susceptibility to strain Those with marked 
physical defects should be required to undergo a period of corrective 
treatment with a view to impioving their physical condition, permanent 
employment and higher wages being the leward of success This would 
be applying to industry in a direct and entirely practical manner, the 
lessons learned in the war 

[Ed Note — The Editors believe it would be a measure of economic 
importance also Prevention is generally less expensive than cure, and 
an emphasis would be placed on physical fitness which would react 
favorably on the attitude of the employee toward his employer ] 

Tiaumatic Osteitis of the Wust — Rogers 110 reports four cases of 
rarefying osteitis of one of the carpal bones, the semilunar in three and 
the scaphoid in one The condition has previously been described by 
Preiser, in 1910, who reports five cases , and by Guie in 1914, who 
reports seven personal cases, and who collected twenty-nine cases from 
other clinics Preiser believes the lesion to be a rarefying osteitis from 
interference with the nutrient artery, while Guie considers the condition 
essentially a compression fracture analogous to the so-called KummeH’s 
disease In Rogers’ cases, the onset of symptoms was gradual, generally 
covering a period of several months There was definite pain referred 
to the wrist joint, brought on by use and relieved by rest There was a 
slight amount of swelling associated with tenderness to pressure over 
the diseased bone The limitation of motion occurred at first almost 
wholly m the direction of dorsiflexion There was a question of trauma 
in all of the cases, but the symptoms began only after a considerable 
interval In all, the roentgen ray showed the diseased bone “crinkled” 
in outline, smaller m size than normal, and with changes in the internal 
architecture All of the cases were treated by excision , but two, only 
after a long period of conservative treatment These two patients were 
relieved by conservative measures as long as they did not use the wrist, 
but the symptoms recurred as soon as they returned to their occupations 
All the specimens were examined pathological I) , and no evidence of 
tuberculosis was found The cortex was thinned , the medulla contained 
much more fat tissue than normal, and there was loss of the normal 
bony trabeculae The end-results are known in two of the cases and 
are reported as excellent The \\ riter suggests the name of traumatic 
osteitis of the wrist 

110 Rogers Boston M S. S I Tune 1 1922 p 730 
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RESEARCH 

The Fiee Tiansplantation of Fascia and Tendon — Galhe and 
LeMesurier 111 ha\e conducted a long series of experiments to test the 
value of fresh autogenous transplants m taking the place of ligaments 
and tendons These transplants must be carefully sutured and inter- 
woven to insure freedom from slipping, and the successful methods they 
have devised are illustrated They report the late results in fifty cases 
In every case, the transplanted tissue has held, and has fulfilled the 
purpose for which it was transplanted This they attribute to their 
care in bringing raw surfaces of the transplant in contact with firm 
connective tissue Union has seemed complete m three weeks No 
silk or unabsorbable tissue has been employed in their sutures They 
quite properly observe that it seems more natural to use as ligaments 
material which we know will live and retain its normal characteristics 
[Ed Note — This work of Galhe and LeMesurier seems to us so 
careful and thorough, both from the point of view of an experiment 
and from the end-results Their methods should have wide adoption, 
with assurance that success will be achieved if the principles of their 
technic are followed ] 

E\pci imental Pioductton of Spasmodic Toiticolhs m Animals — 
Rosenow 112 has obtained ticlike movements of the head and neck m 
animals as a common sequel to an encephalitis caused by the inter- 
cerebral infection of a somewhat atypical streptococcus isolated from 
cases of encephalitis In these animals, the movements ceased during 
sleep, as the movements of a spasmodic torticollis do in human beings 
They were also made worse by various forms of excitation The type 
of movements m animals and in human patients were very similar 
Pathology of Osteitis Defoi mans Paget’s Disease — Cone , 113 after 
extensive discussion of this subject, inclines to the belief that the changes 
in Paget’s disease may be explained by a primary pathologic condition 
of the blood vessels like that observed in hereditary or acquired syphilis, 
with its accompanying bone changes, and such as is found on a small 
scale m chronic passive congestion or infections of a chronic character 
He considers it not at all improbable that malaria, typhoid, influenza, 
erysipelas or parasitic organisms might induce such vascular lesions and 
be associated with a local or general osteitis deformans 

Fetal Chondi odysti ophy in a Calf — Seifried 114 examined all the 
endocrine glands in a calf showing all the characteristics of a feta 
chondrodystrophy All the glands were hypoplastic, the most mar e 


111 Galhe and LeMesurier J Bone & Joint Surg, July, 1922, P > m 

112 Rosenow, E C Experimental Production of Spasmodic 
Animals, J A M A 78 752 (June 3) 1922 

113 Cone J Bone & Joint Surg, Oct, 1922, p 751 

114 Seifried Munchen med Wchnschr, 1922, No 11, P 417 
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changes occurring in the thymus, the cortex of which was maikedly 
increased, with a diminished numbei of Hassall’s bodies The 
eosinophils and plasma cells were also much diminished, indicating also 
a hypoplasia of the thymus 

Obseivations on the Normally Developing Knee — Cohn, 115 con- 
tinuing his already reported studies of the ossification of the bones of 
the elbow and shoulder, now reports his observations on the growth 
of the bones of the knee The epiphyses of the lower end of the femur 
and of the upper end of the tibia have attained the size of half the 
width of their respective diaphyses at 1 year There is evidence of 
ossification within these epiphyses at a much earlier time During the 
first four years, no other epiphyses are evident roentgenologically At 
5 years and 4 months, ossification has proceeded to such an extent m the 
lower end of the femur and the upper end of the tibia that it almost 
covers their respective diaphyseal ends At this age, for the first time, 
there is ossification in the upper epiphysis of the fibula and within the 
patella At 8 years of age, the depressions for the semilunar cartilage 
and the spines of the tibia are evident roentgenologically By the tenth 
year, there is a close appioximation between the respective epiphyses and 
their diaphyses At 10 years and 11 months, we see the first evidence 
of the tubercle of the tibia It is repiesented by a downward projection 
from the upper epiphysis of the tibia During the twelfth year, the 
tubercle increases rapidly in size, and projects forward, being separated 
by a wide space from the shaft of the tibia Union between the tubercle 
and the shaft proceeds from above down, and from before backward 
At 18 years, this tubercle is completely ossified and united to the shaft 
In one instance, the tubercle of the tibia seems to be ossifying through 
two separate centers At 15 years and 4 months, there seems to be 
complete ossification within the epiphyses, and union of the respective 
epiphyses and their diaphyses After the fifteenth year, there seems 
to be complete ossification of epiphyses and diaphyses 

Bone Atiophy — Brooks 110 studied the process of bone atrophy in 
material obtained from patients suffering from poliomyelitis, traumatic 
nerve injuries, tuberculosis of bone, fracture, acute pyogenic osteomye- 
litis, deformities acquired and congenital and other conditions in which 
one extremity had not been used , also bones of animals m which func- 
tion of one extremity had been impaired by nerve section, joint injury, 
or simple fixation by a plaster cast In all instances, the bones of the 
nonused extremity were compared with the bones of the used extremit) 
The bones were studied in gross, by roentgen ray, microscopicall} , 
chemically and physically In all instances, the changes were the same, 

115 Colin, Isadore Normalh Developing Knee, ^rch Surg 5 395 (Sept ) 
1922 

116 Brooks South M T , Oct 1922 p 823 
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regardless of the cause of the nonuse, thus indicating that there is no 
necessity for assuming that any factor other than lack of function was 
responsible In other words, the bone atrophy that follows a nerve 
injury is not the result of "trophic” influences, and that following an 
acute osteomyelitis is not the direct result of the toxins of the organ- 
isms , but in each instance, atrophy is the result of lack of function in 
the extremit) , just as it follows the simple fixation of a normal extremity 
m a plaster cast Bone changes make their appearance in a very few 
days after the cessation of function of an extremity In the experi- 
mental animal, well marked changes are found after ten days of nonuse 
The changes progress rapidly and are very marked in from ten to twelve 
weeks Apparently, a maximum is reached in from six to twelve 
months, beyond which point there is very little change In the adult, 
nonuse makes the bones become lighter and more fragile The length 
is unchanged The diameter is only slightly decreased The diameter 
of the medullary canal is markedl) increased The trabeculae of the 
cancellous bone of the epiphyses become much thinner, and in many 
areas they disappear completely After long periods of nonuse, the 
compact bone of the shaft becomes cancellous The chemical composi- 
tion of the entire bone is changed markedly There is loss of mineral 
constituent and an increase in the proportions of organic material It 
therefore follows that lack of function affects the size, shape, weight, 
roentgen-ray appearance and strength of bones by a change m the 
amount of matrix present, but the characteristics of bone tissue are not 
changed The change is quantitative and qualitative The end-result of 
constant lack of function during the growing period of a bone of an 
extremity is a bone which is relatively shorter and smaller The relative 
size of shaft and epiphyses is changed, in that the shaft is relatively 
smaller than the epiphyses The densities of the compact bone of the 
shaft and of the cancellous bone of the epiphyses are about normal 
The chemical composition and physical characteristics of the bone are 
the same as m normal bone The property of regeneration of bone is 
a property of the bone cell and not of the bone matrix From a clinical 
study of the lepair process m atrophied bones and a careful study of 
transplants of bones in animals m which transplants of atrophied bone 
have been compared to transplants of nonatrophied bone, it was not 
possible to detect any difference m the regeneration power of these two 
types of bone transplants 

Pathologic Changes m Muscle as a Result of Disturbance of Circu 
lotion Experimental Study of Volkmann’s Ischemic Paralysis — 
Brooks 117 has also conducted a very complete and interesting series o 


u7 Brooks Pathologic Changes in Muscle as a Result of 
ot Circulation An Experimental Study of Volhmann's Iscbemic Paralysis, 
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animal experiments to determine the effects of various types of circula- 
tory obstruction on muscle, with special reference to the cause of 
Volkmann’s ischemic paralysis A review of the literature on this 
subject permitted the conclusion, based on clinical evidence, that there 
is a condition of paialysis of the muscles which appears, following 
circulatory obstruction, and which is independent of injury to the nerves 
The clinical appeaiance suggests the presence of gross changes m the 
muscle, and pathologic examination of the tissue by other obseivers 
revealed the muscle cells in large part degenerated and replaced by 
fibrous tissue The various experiments which were conducted and 
the results obtained were as follows 

Experiment 1 (Three animals) — The circulation of the leg was obstructed 
by application of a tight bandage above the elbow for periods varying from 
five to twenty-four hours In one animal, no effect was produced on muscle 
function, and in the other two the limb was paralyzed, but the cause was found 
to be an injury to the nerves from direct pressure 

Experiment 2 (Three animals) — Permanent obstruction of the primary 
arteries of the limb was obtained by ligation of various arteries In two 
animals, this resulted in complete temporary loss of muscle function associated 
with superficial gangrene Pathologic examination showed the muscle either 
pale and totally necrotic, or else of healthy appearance and with contractile 
response The areas of muscle degeneration were sharply defined and the 
inflammatory reaction was slight Between the extremes of normal muscle and 
totally necrotic muscle, there was no intermediate area in which the muscle 
still lived but could not function One animal showed the phenomena of typical 
intermittent claudication, which disappeared at the end of three days, when a 
collateral circulation was reestablished 

Experiment 3 (Three animals) — Temporary obstruction of the primary 
arteries of the limb was obtained by ligation of certain arteries combined with 
the application of clamps to others, the latter being removed at the end of 
periods varying from six to twenty-four hours Arterial obstruction of six 
hours resulted in temporary interference with function, followed by rapid 
recovery on removal of the clamps Obstruction for periods of from seventeen 
and twenty-four hours resulted in complete paralysis below the knee, but the 
nerves were uninjured Pathologic examination revealed sharply defined areas 
of degeneration in the muscle, accompanied by edema and hemorrhage, but 
the tissue was either completely necrotic or completely viable, and inflammatory 
reaction and fibrosis were lacking 

Experiment 4 — This was a series of experiments with isolated muscle 
The same procedure of isolating the muscle (rectus femoris) was followed 
throughout B\ operation, the muscle was completely freed from all surround- 
ing tissue except at its origin and insertion, and these attachments were then 
ligated The artery, vein and ner\e were isolated from the surrounding tissue 
and preser\ed for treatment thus A Section of ner\e (arter\ and \ein 
intact) This resulted m parahsis of the muscle *\t examination, the muscle 
fibers were found diminished in size and showing loss of definition of striation 
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There were occasional degenerated fibers There was no evidence at the end 
of a month of inflammatory reaction or fibrosis The process was one of 
atrophy rather than degeneration B Injection of blood into muscle In two 
animals, the artery, vein and nerve were left intact, and the muscle was dis- 
tended by the injection of blood In another animal the artery was, in addition, 
ligated No abnormality in the muscle reaction resulted, and at the end of one 
month there was no evidence of inflammatory reaction or fibrosis C Ligation 
of artery (vein and nerve intact) There were eleven experiments, the animals 
being killed at intervals ranging from seven to seventv days The muscle 
showed normal physiologic properties in all instances, and in none did the 
muscle become fibrous There were slight degenerative changes occasionally, 
but no inflammatory or fibrous reaction In five other animals, the artery was 
ligated, and in addition the general circulation of the limb was diminished by 
ligation of various branches of the aorta This resulted in edema of the muscle, 
but only slight degenerative change and inflammatory reaction Further 
diminution of the blood supply of the limb resulted in complete absorption and 
disappearance of the muscle D Ligation of vein alone There were nineteen 
experiments, the animals being killed at periods van ing from one to 120 days 
The procedure resulted in a constant pathologic change in the muscle This 
change was characterized by an initial period of acute inflammatory changes in 
the muscle and subsequently by the development m the muscle of an extensive 
fibrosis The fibrosis in some instances replaced a large portion of the muscle 
fibers and decreased very markedly the power of the muscle In other instances, 
the substitution of the muscle fibers by' fibrous tissue was complete 

The constancy of the pathologic process and the certainty with 
which it follows the experimental method described are important points 
The author concludes fiom this large series of experiments that a 
muscular weakness associated with a certain stiffness which follows 
the occlusion of a large artery may be a phenomenon of ischemia It 
would be likely to improve with the development of a more adequate 
circulation A complete paralysis following the occlusion of an artery 
is evidence of an anemia, and usually signifies impending gangrene 
Anemia and inflammation are incompatible piocesses Any condition 
which develops within from twenty-four to forty-eight hours and which 
is characterized by heat, swelling, pain and a subsequent fibrosis cannot 
be the result of permanent occlusion of an artery That the classic 
picture of Volkmann’s ischemic paralysis could be explained only on t e 
basis of acute venous obstruction would seem quite clear Proba y, 
some of these cases may be the result of pure local pressure necrosis 
analogous to the decubitus ulcer or pressure sore over the hee rom 
continuous pressure, but it should be a simple matter to di erentia e 
such cases from the others 


MISCELLANEOUS 

“Flat Hand ”■ — Goldthwait 118 again calls attention to the ir “P°^ n “ 
of the carpal arch, describing carefully the anatomy of t is 

118 Goldthwait J Bone & Joint Surg, July, 1922, p 469 
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and the necessary part which it plays in proper functioning of the hand 
When this arch “flattens,” the palmar tendons are no longer held m 
place by the hook of the unciform and the trapezium, and weak and 
painful action results By a light wrist strap with two pelots, one on 
either side of the trapezium, and a thumb loop to retain the stiap m 
place, the arch may be restored and function rendered painless 

Tennis Elboiv — Romer 119 maintains that there are three types of 
the so-called tennis elbow 1 The commonest type, m which a condition 
analogous to a tenosynovitis exists in the muscles attached to the 
condyles, usually the external He considers that this is caused by the 
frequent jerks of the muscles at then origin, and he speaks of it as a 
traumatic fibrosis 2 A type in which the tender point is on the condyle 
itself, owing to irritation of the periosteum, suggestive of a minute 
tear of some muscle insertions 3 A synovitis of the radio-ulnai joint 
These three varieties, Romer suggests, may be stages rather than actual 
types Romer believes that the use of a large handled or heavy raquet 
is the commonest cause, unless the player has a correspondingly large 
hand or strong arm His treatment consists of massage for from ten 
to twelve days and strapping of the forearm m such a way that the 
pull of the muscles on their origins at the external condyle is checked 
Play should be begun with this strapping in place 

[Ed Note — We recognize that there is a condition more or less 
accurately described as epicondylitis, in which the tenderness is over 
the bony condyle, and the roentgen ray may show evidence of periosteal 
reaction and lime salt deposit This condition is relatively rare, and is 
not induced, we believe, by tennis or other sports or occupations in 
which muscle action and not direct trauma is the etiologic factor We 
believe that the hypothesis of a traumatic fibrositis, analogous to a 
tenosynovitis, at the origin of the muscles attached to the external 
condyle, is not necessary , nor is more than clinical evidence advanced 
by Romer to bear it out Neither have we ever found any e\ idence of 
a true radiohumeral synovitis When the muscles originating from the 
external condyle and the supinator brevis are relaxed the motion of this 
joint has in our cases been painless The condition seems to us more 
satisfactorily explained by a bursitis in the small bursa, demonstrated 
by Osgood 120 to be usually present beneath the conjoined tendon and 
supinator brevis and directly over the radiohumeral joint This bursa 
has been found distended m cases of this affection at operation, and 
its evacuation and curetting have been followed b\ relief of symptoms 

119 Romer Lancet lulj 8 1922 

120 Osgood, R B R idiohumtr il Bursitis, Epiconde Iiti< Epicond\ Jalcia 
(Tennis Elbow ) A Person il Experience \rch Snrg 4 420 (March) 1922 
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Myositis Ossificans — Ferrarim 121 reports nine cases of myositis 
ossificans, fhe of them m the region of the elbow, three of them follow- 
ing dislocations The ages varied from 15 to 30 years The tumor 
mass grew smaller under rest in all cases, but m none did it disappear 
He believes the condition is due to a chronic irritation of the interstitial 
tissue 

Isolated Disease of the Head of the Second Metatarsal Bone — 
Axhausen, 122 in examining two specimens of that peculiar isolated dis- 
ease of the head of the second metatarsal bone described by Kohler and 
others, found that the largest part of the head had become necrotic In 
some portions, a fibrous substitution of the necrotic bone was seen, with 
an active reaction of the synovial membrane like that m the prolifera- 
tive type of chronic arthritis A direct traumatic etiology is suggested 
neither by the histones nor the histologic findings, and Axhausen is 
convinced that the process is analogous to osteochondritis dissecans, 
which the author believes to be caused by an embolic mycotic process 

Vaccine Theiapy in Bone Lesions Due to the Typhoid Bacillus — 
Vincent 123 has compiled thirty^ cases of typhoid and paratyphoid oste- 
opathies treated by vaccine therapy, and adds one of his own as a con- 
vincing example of the efficacy of this form of treatment in many cases 
His patient was a young woman who developed a series of abscesses, 
several osteomyelitic bone lesions and a mucomembranous enteritis 
dunng a convalescence from a fever supposed to be typhoid, but whose 
blood agglutinated the paratyphoid bacillus She was given four injec- 
tions, representing a total of 2,500 million bacilli, and all bone and other 
lesions promptly cleared up, although they had existed for three months 
before the vaccine therapy was instituted 

Lordotic Albuminuria with Pott’s Disease — Neukirch and Rott- 
mann 124 describe an interesting case of a young woman with a large 
tuberculous kyphos, including the sixth to the eighth dorsal vertebrae, 
and a very marked lumbar lordosis m the upright position When the 
patient was upright, there was albuminui la This ceased promptly when 
the lordosis was corrected by posture Ureteral catheterization proved 
beyond doubt that only the left kidney was responsible for the albu- 
minuria, seeming to prove that the phenomenon has been correctly 
explained as due to a congestion of the veins m the left kidney 

Progiess in the Care and Education of Cnppled Children in Ohio 
Undo New Laws — Cholletfs 125 report of progress in the development 


121 Ferrarim Clnr d org di movimento, July, 1922 
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and organization of a movement originated and still fostered by the 
Rotary Clubs of Ohio for the care and education of the crippled children 
of the state is most encouraging State laws have been passed , a large 
central committee has been formed to hate supervision of the work, and 
educational propaganda has been started in order to bring to the attention 
of the public the advantages of proper treatment for tarious types of 
cripples 

Scope of Occupational Theiapy and Ti anting of Occupational Aides 
— Brackett, 120 m discussing the scope of occupational therapy, describes 
the minimum requirements in the Boston School of Occupational 
Therapy for training in this rather new branch of medical work 
(1) an age of from 24 to 40, with at least a high school or equivalent 
education, and (2) an occupational therapy school course of one year 
of twelve working months Nine of these months are spent in the 
school, where applicants are taught major and minor crafts for practical 
work and are given courses of a varying number of lectures m anatom), 
neurology, mental hygiene and diseases, orthopedic surgery, contagious 
disease, tuberculosis, syphilis, psychology, social service, physiotherapy, 
hospital ethics and management and personal hygiene Three months of 
the twelve are spent in practical work in hospitals under supervision 
After a year or more work m hospitals or with groups of patients, 
these graduates may apply for registration b) the Massachusetts Society 
of Occupational Therapy 

Quackery, Mnacle Healing and Medical Cults — Lovett , 127 in an 
interesting article, reviews the history of quackery and miracle healing, 
and shows that irregular practice has alwa)S been and probabl) alwa)S 
will be with us in varying forms In general, it follows well defined 
channels, as it rests on an inherent tendency in the human race to 
believe in the wonderful, the mystical, the obscure and the new Today, 
Christian science and manipulative methods hold the center of the stage 
If they were wiped out, some other form of irregular practice would 
take their place Christian science developed under a wonderful \\ oman 
who had a very practical understanding of adtertismg and business 
matters , but she is dead and her successors are quarreling Osteopath) 
is in reality bone setting, with a pseudoscientific explanation super- 
imposed , but chiropractic seems mereh a cheap commercial enterprise 
modelled on osteopath), too successful, too fast growing and too confii- 
dent to endure permanently, although at present it is a real menace to 
the health of the communit) Miracle healing and mental healing when 
associated in am \\a\ with religious belief cannot be argued about 

126 Brackett Arch Occupational Therapt, June 1922 
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and may only be lestricted to the extent of preserving the health of the 
community and safeguarding the avoidable deaths With regard to 
manipulative methods, we should adopt the course already adopted by 
The Journal of the Amencan Medical Association, and instead of 
excluding the literature of irregular cults from our libraries, we should 
give it the widest publicity, and encourage students and practitioners to 
familiarize themselves with it Secondly, we should teach our students 
the principles of physical therapeutics and show them why manipulative 
methods are at times beneficial In order to do this, we should investi- 
gate these manipulative methods ourselves 

BOOK REVIEWS 

ORTHOPA.EDIC SURGERY By Sir Robert Jones and Robert W Lovett 
New York William Wood & Co, 1922 

This is a text and reference book of 700 pages, well illus- 
trated Under the heading of orthopedic surgery, there are 
included joints and their affections, bones and their affections, includ- 
ing ununited and malunited fractures , disturbances of the neuromuscular 
mechanism, congenital deformities, static and other acquired deformi- 
ties, and the principles and details of apparatus We believe this is the 
most important work dealing with these subjects which has yet been 
written m any language Two eminent clinicians and investigators 
of wide experience, the one British and the other American, have suc- 
ceeded m writing a book which is judicial m its attitude, meticulous m 
the credit it gives to other men’s work, conservative m its tone, but 
practical and authoritative m its statements The book is a contribution 
to general as well as orthopedic surgery, the latter of which the authors 
recognize as only a special branch of the former To orthopedic sur- 
geons, and especially to teachers of orthopedic surgery, the book is most 
welcome 

BODY MECHANICS AND HEALTH By Leah G Thomas and Joel E 
Goldthwait Boston Houghton, Mifflin Company 

The demand has long been felt for a book enunciating the 
principles which underlie the close association between proper 
use of the body and good health, and describing m detail the 
exercises and rest positions best calculated to bring about correct pos- 
ture This little book, well illustrated, and written quite as much or 
teachers of physical training as for physicians, is likely to suppy t is 
demand It is a distinct contribution to orthopedic surgery, especm y 
if one derives the word from TraiSevw and 6p06%, “to educate straig 
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